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Publishers’ Note 


This standard work, now for the first time issued in an English 
itranslation, is designed to cover the whole range of subjects with which 
jthe ^lieinist and manufacturer are usually concerned. It is not intended 
ha a textbook, but to occupy a position between the textbook and the 
exicon. The strict alphabetical arrangement permits of easy refei'ence; 
die short, concise treatment limits the work to reasonable proportions. 

In accordance with the plan the book deals with all the most im- 
portant products used in chemical industry and in the laboratory, with 
:he materials used in their preparation, and with the apparatus and 
instruments. In the various articles, so far as is possible, are given the 
formula', atomic weights, molecular weights, the usual graphic formula, 
specific gravities, melting-points, boiling-points, coefficients of solubility, 
diennocliemical and electrochemical constants, &:c. 

The manual provides a survey of chemical technology, summarizes 
;he many subjects which it is impo.ssible for the specialist to know, ajid 
.enables the enquirer to obtain readily the desired information on matters 
with which he is but imperfectly acquainted. 

For a considerable period the manual has been an almost essential 
part of the equipment of factories and laboratories of the chemist, 
plianiiacist, and manufacturer in Germany, and the critics of various 
ioiirnals, and other competent judges, both in Germany and elsewhere, 
irc unanimous in their praise of the contents of the book, and also of 
die additions and improvements which have characterized the numerous 
■successive editions. 

In order to prevent the work from assuming unwieldy proportions, 
dd and unimportant methods liave been omitted, or the length of the 
nticles has been curtailed in accordance with thfeir relative importance. 
On the other hand, special attention has been paid to the careful annotation 
'd the literature of patents. In cases where the importance of the patent 
'loes not seem great enough to warrant a lengthy description, the name 
the country granting it and the number are accurately given. Only 
careful selection and by attempting to estimate the relative impor- 
tance of different subjects has it been possible to confine the book within 
Reasonable limits. 

Fhe Publishers confidently anticipate that the English edition will fill 
^ I'eal gap in British technical literature, and will be as successful as 
German original. 
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Symbols and Formulse used in 
this Work 


Symbol 

or 

Formula 

Ag 

AgUl 

AgNOg 

Ag.^S 

Ag.^S(.h 

A1 

AICI3 

AI.A 

A 1 ,F„ 

AljOj 

A),(OH)„ 

A 

As 

AaCl3 

Aa2C],j 

As^O.j 

As^o; 

Au 

Au(;i,, 

B 

BtiCO, 

BaCL 

BaCClOj)^ 

BaCrO, 

Ba(N04 

Ba(OH)j 

BaO, 

BaS 

BaSO. 

Bi 

Bi(NO,), 

Br 

C 

•’Cls-CXOH) 

OCl, 

CHBr, 

CHCl, 

CHI,’ 

CH,Br 


Name 


Silver 

Silver chloi'ide 
Silver nitrate 
Silver aulphide 
Silver sulphate 
Aluminium 

11 chloride 

n chloride 

>, fluoride 

M oxide 

n hydroxide 

jj sulphate 

Arsenic 

Arsenic trichloride 

Arsenious oxide 
Arsenic oxide 
Gold 

Gold trichloride 
Boron 

Boron trioxide 
Barium 

carbonate 
chloride 
chlorate 
chromate 
nitrate 
hydroxide 
peroxide 
sulphide 
sulphate 
Bismuth 
Bismuth nitrate 
Bromine 


Carbon 

Chloral 

Carbon tetrachloride 
Bromoform 
Chloroform 
Iodoform 
j Methyl bromide 
Acetic acid 


Symbol 

or 

Formula 

CH 3 . Cl 
CH 3 I 

CH 3 .NH 2 

(;h30h 

{ON), 

cv 

COClo 

00{NB,), 

CO„ 

CSg 

OJi, 

C 2 HA 

C2H4 

C’ABi' 

cXci 

CjH.I 

canh^ 

CjHj.OH 

(W2O 

O 2 H 5 

C 3 HJ.OH 

«3H5(0H)3 

CjHf.OH 

CAO. 

OAjf 

CA.OH 

C,H2(N02)30H 

Ue^(OH).CO„B 

CgHi(OH)Nil2 

CAO, 

oA.ck 
oA.co^A 
,ci 

oA^nu, 

(IH, „isro. 


Name 


Methyl chloride 
„ iodide 
Methylamine 
Methyl alcohol 
» ether 
Methane 
Cyanogen 
Carbon monoxide 
Phosgene 
Urea 

Carbon dioxide 
n disulphide 
Acetylene 
Oxalic acid 
Ethylene 
Acetic acid 
Ethyl bromide 
,, chloride 
„ iodide 
Ethylamine 
Alcohol (ethyl) 
Ether (ethyl) 
Ethane 
Allyl alcohol 
Glycerine 
Propyl alcohol 
Glycerine 
Tai taric acid 
Pyridine 
Amyl alcohol 
Picric acid 
Toluidine 
Xylene 
Phthalic acid 
Phenylene diamine 
Salicylic acid 
Amidophenol 
Quinone 
Toluene 
Benzoic acid 
Chlorbenzene 
Diphenylamine 
Aniline 



XIV 


SYMBOLS AND FORMULA^: 


Symbol 

or 

Formula 


<;h,.oh 

OfllijoGg 

( joU^. NH^ 
<ooH,.NO, 

• Oil 

cK,. 

(la 

(Ja(J ()3 

(laCjj 

(lad.O^ 
CaClg 
(JJaCrO. 
Cat’ 

ClaHPO^ 
CaO 

('a(OH), 

( 'a(OCl)3 
(la02 
GaS 

(!a(SH)» 
CaSO. 
Ca 2 Pb( 3 , 
Ca2(PO^)3 
C(1 

CdGI^ 

CdSO, 

Ce 
CA 
Go 

G0GI2 

‘MNO,), 
OoSO. 

c-V-L 

Gi’ 

GiDa 

c^f" 

GrgO, 

Gu 

GuGL 

Gu(N 03)2 
GuO 
GuS 
G11SO4 
GugCJ- 
CU2S 

F 
Fe 

FeCI, 


Name 

Phenol 
Henzene 

Cellulose, Starch, 
(jflucose 

Naphthjlamine 
Nitronaphthaiene 
[ Naphthol 
Naphthalene 
Terpen e 
Cane sugar 
Anthraquinone 
Anthracene 
Galciuin 

carbonate 
carbide 
oxalate 
chloride 
chromate 
fluoride 
hydrogen 
phate 
nitrate 
oxide 
hydroxide 
hypochlorite 
peroxide 
sulnhide 
hydroaulphide 
sulphate 
plum bate 
/I j” . P^<^>‘^phato 
I ' admium 
I n chloride 

1 .» sulphate 

Cerium 
Chlorine 
Cobalt 

» chloride (oiis) 
j) nitrate 
M sulphate 
„ chloride (ic) 
Chromium 
Chromic anhydride 
Chromium chloride 
fluoride 
hydroxide 
trioxide 


phos- j 


Copper 
Cupric chloride 
}> nitrate 
» oxide 
» sulphide 
o sulphate 
Cuprous chloride 
» sulphide 

Fluorine 

Iron 

Ferrous chloride 


Symbol 
or 

Formula 

I FeCl, 

FeO 

FeS 

FeSO. 

Fe^OH), 

Fe^O, 

Fe(S04)3 

Fe,S, 

H 

HAuGh 
HBr 
HBrO, 
HGN 
H.COH 
H.(X)2H 
HCl 
HGlOo 
HCIO4 
HF 
HI 
HIO3 
HNO3 
HVO3 
H2O 
H2O2 
H0M0O4 

H;PtGL 
HoS 
H2SO4 

H^SiF, 

HgSnO, 

H3BO3 

iCPO. 
ir^Sno^ 

'I, wo. 


Name 


% 

HgCl^ 

%(N03), 

HgO 

HgS 

HgSO, 

HgA 

I 

Ir 

K 

KBr 

KBrO, 

KC2H362 

KCNS 

KCl 

KCIO. 

Kao 


Ferric chloride 
Ferroiis oxide 
I M sulphide 
sulphate 
Ferric chloride 
Ferric hydroxide 
n oxide 
» sulphate 
„ sulphide 

I Hydrogen 
Chloro-auric acid 
I Hydrobrornic acid 
Bromic acid 
Hydrocyanic acid 
Formaldehyd<;. 
Formic acid 
Hydrochloric acid 
Chloric acid 
Perchloric acid 
Hydrofluoric acid 
Hydr iodic acid 
Iodic acid 
Nitric acid 
Vanadic acid 
Water 

Hydrogen peroxide 
Molybdic acid 
Chloro-platinic acid 
Sulphuretted hydrog 
sulphuric acid 
Hydrofluosilicic acid 
Metastannic acid 
Boric acid 

Phosphoric acid (orth 
stannic acid 
Tungstic acid 
Mercury * 
Mercuric chloride 
nitrate 
oxide 
sulphide 
u sulphate 
Mercurous chloride 


nitrate 


Iodine 

Iridium 

Potassium 


bromide 

bromate 

acetate 

bitartrate 

cvanide 

thiocyanate 

chloride 

chlorate 

lDe:rc]b,lpimit:,A 



SYMBOLS AND FORMULAi: 


Symbol 

or 

Formula 

KF 

KHOO3 

KHSO3 

k:hso4 

KI 

ICMnO, 

KNO., 

KNO3 

KOH 

K,CO., 

K/J4H4O,, 

K.Cvp. 

k,o 

K,pt((:;N), 

K.n(\ 

koS 

K.,^0, 

KoSO, 

':,so,ai,(8(),)3 

KoSiO^ 

k;po4 

Pi 

T.iOI 

l>i.,(X)3 

Li,S(X 

Mir 

MfrVl, 

Mk(OH)3 

MgSO, 

Mn 

Mn(X)3 

Mn(Jl.. 

MnO, 

MnSd 

Mo 

N 

(NHgP 

NH,.6k 

NH, 

, NHjir 
^H,.CNS 

nh,ci 

NH.CIO, 

NH,ao. 

(NH,),Cr6 


Name 


Potassium fluoride 

bicarbonate 
bisulphite 
bisulphate 
iodide 

permanganate 
nitrite 
nitrate 
hydroxide 
carbonate 
oxalate 
tartrate 
chromate 
bichromate 
oxide 

platinocyanide 
platinochloride | 
sulphide 
sulphite 
sulpliate 
alum 

silicofluoride 
silicate 
phosphate 

Lithium 


„ chloride 
„ carbonate 
1, sulphate 

Magnesium 

„ carbonate 

„ chloride 

„ nitrate 

» oxide 

M hydroxide 

,, sulphate 

Manganese 

carbonate 
„ chloiide 

1, dioxide 

sulpliate 
Molybdenum 

Nitrogen 
Hydrazine 
Hydro xylamine 
Ammonia 

Ammonium bromide 
M thiocyanate 

)i chloride 

V chlorate 

V perchlorate 

„ chromate 

bichromate 
» hydrosul- 

phide 

» hydrogen 

phosphate 


Symbol 

or 

Formula 

NH4I 

NH4NO3 

(NI^),S04 

NO., 

N3O 

N2O3 

NaBr 

NaBrO, 

NaCN' 

NaCgH-A 

NaCi 

NaCIO, 

NaF 

NaHCOs 

NaHSO.> 

NaHSO, 

NaH.,P04 

Nal 

NaMnO, 

NaNH.; 

NaNO. 

NaNOa 

NaOCl 

NaOH 

NaPOo 

Na2Al2U4 

Na.,B 407 

NaaCOg 

Na2Ci-04 

NaXV20y 

NagO 

Na-^Og 

Na^S 

NaaSO. 

NagSOi 

NaaSgOg 

NagSnd, 

NagWO. 

NaW 

Na^jO? 

NiCL 

NiO 

NiS 

NiS04 


O 

O3 

Os 


Name 


Ammonium iodide 
„ nitrate 

.)» sulphate 

Nitric oxide 
Nitrogen dioxide 
Nitrous oxide 
Nitrogen trioxide 
„ peroxide 

„ pentoxide 

Sodium 

„ bromide 
n broniate 
„ cyanide 
„ acetate 
„ chloride 
„ chlorate 
5, perchlorate 
„ fluoride 
„ bicarbonate 
„ bisulphite 
5, bisuJphate 
„ dihydrogen 
phosphate 
„ iodide 
„ permanganate 
Sodamide 
Sodium nitrite 
„ nitrate 
„ hypochlorite 
„ hydroxide 
„ nietaphosphate 
„ aluminate 
„ borate (bomx) 
„ carbonate 
„ ohromate 
,, bichromate 
„ oxide 
,, peroxide 
„ sulphide 
„ sulphite 
,, sulphate 
„ thiosulphate 
„ stannate 
„ tungstate 
M phosphate 
pyrophosphate 


Nickel 


chloride 

oxide 

sulphide 

sulphate 

hydroxide 

oxid 


Oxygen 

Ozone 

Osmium 



XVI 


SYMBOLS AND FORMULAE 


Symbol 

or 

Formula 


Name 


PCI3 

PCI 

POCI3 

m 

Pb 

PbCO, 

PbCrO. 

PbL 

PbOj 

PbS 

PbSO, 

PbjO, 

Pt 

Ptci^ 

Eb 
Eh 

S 

SO, 
S02C12 
S03 
Sb 
SbCL 
SbOl. 

Sb® 

Se 
Si 
SiC 
SiCL 
SiP^ 


Symbol 

or 

Formula 


Phosphorus trichloride 
» pentachloride | 
)) oxjchlonde 

» pentoxide 

Lead 

„ carbonate 
j, acetate 
,, chloride 
» chromate 
,i iodide 
„ nitrate 
„ oxide 
)i peroxide 
n sulphide 
M sulphate 
n ses([uioxido 
Minium 
Palladium 
Platinum 

» tetrachloride 

Eubidium 
Ehodium 


Sulphur 

» dioxide 
Sulphuryl chloride 
Sulphur trioxide 
A ntimony 

1) trichloride 

)) pentachloride 

» trisulphide 

n. pcntasulphide 

teelenium 
Silicon 

>. carbide 
n tetrachloride 
)) tetrafluoride 


SiOo 

Sn 

SnCL 

SnCl^ 

SnOa 

SiiS 

SnSn 

Sr 

SrCOg 

SrCL 

SJKOA 

Sr(OH )2 

SrS04 

Te 

Ti 

T 1 

U 

UO2 

UO2CI2 

U 02 (N 03)2 


w 

Zn 

Zn003 

ZnClo 

ZuO 

Zn(OU )2 

ZnS 

ZnSO. 

Zr 


Name 


Silicon dioxide (silica) 

Stannous chloride 
Stannic chloride 
Tin oxide 
Stannous sulphide 
Stannic sulphide 
Strontium 

„ carbonate 

» chloride 

n nitrate " 

» oxide 

hydroxide 
M sulphate 

Tellurium 

Titanium 

Thallium 

Uranium 
55 oxide 
Uranyl chloride 
55 nitrate 


Vanadium 
» 

Tungsten 

Zinc 

5, carbonate 
5, chloride 
„ oxide 
55 hydroxide 
55 sulphide 
^ 55 sulphate 
Zirconium * 


pentoxide 



A. 


Abietic acid (Sylvic acid). The chief constituent of Colophony; crystallizes 

n leaves: soluble in alcohol M. P. 139® — 147®. 

•# 

Abraum salts, known also as Stassfurt or Potash salts. Under this 
lerm are included various salts which occur in thick layers in the Stassfurt 
leposits. At first reckoned worthless they are now highly valued as artificial 
manures, and in addition serve as the source of many chemical preparations 
s. g. KCl, K2SO4, MgSO^, NaoS04, MgClg, Boric acid, Bromine, etc. 

The most important of the Stassfurt salts are: Boracite, Camallite, Kainite, 
Bchoenite, and Sylvine. 

Carnallite, KCl MgClg 6 HgO, is the principal source from which the com- 
Qiercial potash manures are obtained. 

Kainite, K2SO4 MgS04 MgCL 6 HgO, is used forthe same purpose. Carnallite 
is the raw material from which potassium chloride is prepared, while from 
kainite potassium magnesium sulphate and potassium sulphate are obtained. 

Sylvine is practically pure potassium chloride and may be regarded as a 
secondary decomposition product of carnallite. 

ScHOBNiTE, K2SO4 MgS04 6 HjO, is pure potassium magnesium sulphate. 
As it always occurs intimately mixed with kainite it must be worked with 
the latter and admits of no direct treatment. 

Kieseritb, MgS04 HgO, is crystallized magnesium sulphate MgS04 7 HgO 
which has lost six molecules of water of crystallization. Since it is sparingly 
soluble in water it must be first treated differently as it occurs intimately, 
mixed with “Steinsalz” and anhydrite. The kieserite of commerce is always 
either artificially prepared or it is obtained as a by-product. 

Boracite. What is known as Boracite is really a mixture of two different 
salts, cryst^ine boracite, 2 MggBg . MgClg, and hydroboracite, CaB204 
Mg B2O4 6 HgO. The former is easily soluble in water while the latter is 
almost insoluble. 

Crystalline boracite is also known by the name of Stassfurtite. It is used 
for the preparation of boric acid (see art. Boric acid). 

The preparation of special salts is described under the heading of the 
respective metals, e. g. potassium chloride, art. “Potassium compounds”. 

Prom the mother-liquors of the carnallite preparations are obtained bromine 
(see Bromine), ferrous bromide (see Bromine compounds), and potassium 
bromide (see Potassium compounds). 

It may be mentioned that the socalled “Hartsalz” belongs to the Stassfurt 
series and is a mixture of sylvine, “Steinsalz” and kieserite. The “Hartsalz” 

Leopoldshall contains 18 — 20 % sylvine, 30 — 40 % Steinsalz, 40 — 50^% 
^eserite, and 3 — 8 % water. 

Absorption. Absorption apparatus. Absorption apparatus of different 
sinds is used in the manufacture of acids, for the drying of gases, the reco- 
of nitric acid etc. etc. Mention may be made of tne Lunge-Rohrmann 
lowers in which plates are used, the “Kypke-Tiirme” and the Guttman tower. 

Blucher. 
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Absorption oobpfioibnt 


Of considerable importance is the Cellarius patent Cooling and Condensing 
apparatus. The object of this apparatus, constructed of earthen 
ware, is to render available the heat generated which was former^ wasted. 
By this means greater efficiency of absorption is attained and the life of the 
apparatus is prolonged. The apparatus is so arranged, that the nozzles for 
both the incoming and outgoing water are immersed in tjie cooling vessel, so 
that in addition to the fluid in the lower part of the apparatus, which is cooled 
by the water, the gases themselves are also cooled by contact with the walls 
of the condenser. 

The arrangementps such that not only are the gases presented to a relatively 
large surface of liquid, but that they are constantly exposed to a fresh layer 
of the absorbent since they are forced to pass in a wide steam along the 
curved surface of the base of the vessel which is further provided with a ledge 
running the whole length. The gases must pass from the end of the ^ssel 
along the strongly-cooled walls and roof, then spread out in a broad stream, 
and so come in contact mth a constantly renewed surface of liquid. 

The outflow is placed near the entrance so that the gases pass twice along 
ahe whole length of the vessel. This apparatus is specially adapted for the 
absorption of gases such as HCl, SOj, HBr etc., but is also capabm of general 
application. 

Earthen ware absorption vessels: 

Weatdeutsche Steinzeug - Chamotte- und Dinas- Werke G. m. b. H., Euskirchen, Rheinland 
(Germany) (see front part advt. p.). 

Absorption coefficient. The coefficient of absorption of a gas is measured 
by the volume absorbed by one volume of the liquid at any given tempe- 
rature under atmospheric pressure (the volume of the gas being reduced to 
0° and 760 mm of mercury). 

J'he coefficient of abso^tion for water is usually calculated according to 
the formula a = A-|-B.T-f-C.t*, where a is the desired coefficient, T the 
observed temperature, and A, B and C the coefficients which must be deter- 
mined for each gas. For the most important gases these values are known 
from the work of Bunsen and Carius. The following tables give extracts from 
Bunsen’s work. 



A 

B 

C 

The coefficients 
are valid 
^ between 

OJilorine 

Carbon dioxide 

Oxygen 

Sulphuretted hydrogen . 

Nitrogen 

Hydrogen 

mi- - • 

-f 3,0361 
-f- 1,7967 
-f 0,4116 
4,3706 
+ 0,020346 
-f 0,0193 

— 0,046196 

— 0,07761 

— 0,00108986 

— 0,083687 

— 0,00063887 

+ 0,0001107 
-f- 0,0016424 
+ 0,000022663 
-f 0,0006213 
+ 0,000011166 

0® and 40® C. 
0® „ 20® C. 
0® „ 20® C. 
0® „ 40® C. 
0® „ 20® C. 
0® „ 20® C. 


■ ■ ' I I I u- ,, au- 

The coefficients of absorption calculated from the above are here given 
together with those of other gases. 


I. COEFFICIENTS OF ABSORPTION FOB WATER. 


1 volume of water 
dissolves at 760 mm 
pressure : 

0®C. 

4® C. 

10® C. 

16® C. 

20® C. 

Ethane 

Ethylene 

Ammonia 

Butane 

0,0874 

0,2568 

1049,6 

0,03147 

0,0748 

0,2227 

941,9 

0,02770 

0,0699 

0,1837 

812,8 

0,02356 

0,0608 

0,1616 

727,2 

0,02417 

0,0447 

0,1488 

646,0 

0,02066 


Acajou balsam. 
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1 volume of water 
dissolves at 760 mm 
pressure : 

0»C. 

4«C. 

10“ C. 

16® C. 

20® C. 

Carbon monoxide .... 

0.03287 

0,02987 

0,02636 

0,02432 

0,02312 

Carbon dioxide *. 

1,7987 

1,5126 

1,1847 

1,0020 

0,9014 

Air 

0,02471 

0,02237 

0,01953 

0,01796 

0,01704 

Methane 

0,05449 

0,04993 

0,04372 

0,03909 

0,03499 

Oxygen 

0,04114 

0,03717 

0,03260 

0,02989 

0,02838 

Sulphuretted hydrogen 

4,3706 

4,0442 

3,5858 

3,2326 

2,9063 

Rulphurdioxide 

79,789 

69,828 

66,647 

47,276 

39,374 

Nitric oxide 

0,31606 

1 0,30290 

0,28609 

0,27478 

0,26592 

Nitrous oxide 

1,3062 

1,1346 

0,6196 

0,7778 

0,6700 

Nitrogen 

0,02035 

0,01838 

0,01607 

0,01478 

0,01403 

Hy(lrogen 

0,01930 

0,01930 

0,01930 

0,01930 

0,01930 


n. COEFFICIENTS OF ABSORPTION FOB ALCOHOL. 


1 volume of water 
dissolves at 760 mm 
pressure : 

0®C. 

! 

4® C. 

10® C. 

16® C. 

20® C. 

Ethylene 

3,6960 

3,3750 

3,0869 

2,8825 

2,7131 

Carbon monoxide .... 

0,20443 

0,20443 

0,20443 

0,20443 

0,20443 

Carbon dioxide 

4,3296 

3,9736 

3,5140 

3,1993 

2,9466 

Methane 

0,52259 

0,61135 

0,49536 

0,48280 

0.47098 

Oxygen 

0,28397 

0,28397 

0,28397 

0,28397 

0,28397 

Sulphuretted hydrogen 

17,891 

16,373 

11,992 

9,639 

7,416 

Sulphur dioxide 

328,62 

266,81 

190,31 

144,56 

114,48 

Nitrous oxide 

4,1780 

3,9086 

3,6408 

3,2678 

3,0263 

Nitrogen 

0,12634 

0,12476 

0,12276 

0,12142 

0,12038 

Hydrogen 

0,06926 

0,06867 

0,06786 

0,06726 

0,066668 


Acajou balsam (Cardol). Obtained from the fruits of Anacardium 
occidentale (Mahogany nuts, Elephant nuts) by extraction of the powdered 
nuts with ether-alcohol and washing the extract with water in order to 
remove the tannic acid. 

The chief constituent of the balsam is cardol — the balsam is known as raw 
cardol (Cardolum vesicans). This is used medicinally as a blister and it is 
also employed for the preparation of indelible inks and colours for diesinking 
work. 

From the fruits of Anacardium orientate a similar product also known 
cardol (Cardolum 'pruriens) is prepared. 

Acacia rubber see “Rubber”. 

Accidents. First assistance accordino to Esmarch. 

In all cases of accident the first principle of the unprofessional helper must 
be: “Do no harm!” 

In cases of Wounds. Above all no entrance of dirt. Therefore no lint, 
no plaster, no sponge, no soiled linen, no dirty fingers, but only rinsing, with 
pnre water, still better with boiled water, best of all with some antiseptic 
such as a solution of carboUo acid, salicyl, creolin, or such like. 

Into this dip clean linen or cotton wool for bandages. Should the wound 
be covered with concealed blood it shouldnot be removed. Care must be taken to 
avoid t^. If bright red blood spurts out in violent Jets it means that an 
arteiy is severed and there is danger to life. A doctor must be instantly 
<iaued. Until he comes see that the limb is held up above the horizontal line 
and that the artery is tightly pressed above the wound. 
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Accidents . 


Dislocations. These can be recognised by the difference in shape bet- 
ween the injured limb and the uninjured one. The joint must be set as soon 
as possible, but only by the doctor. Avoid any experiments, keep the patient 
quiet and wait for the doctor. 

Sprains. In these cases there is no change in the shape of the limb, but 
a swelling of the joint. Every movement is painful. . Keep the patient 
quiet until thedoctorcomes. Cold compresses and cold bandages, may be applied 

but there must be no rubbing and no massage. ’ 

Burns and Scalds. The doctor must be fetched at once and till he comes 
keep the patient in a warm room. Lying either on the floor or a table noj 
in bed. The clothes must he very carefully removed. Where necessary cut 
tile garments with a sharp knife or scissors so that they fall off of themsdves 
Be careful neither to pull nor tear to avoid breaking the blisters. This is most 
important. Should the blisters be very full prick them with a clean needle. 
If the patient suffer from thirst give a warm strengthening drink such as 
tea or other stimulant. o © 

Apply no cold bandages. If an apothecary is near, send for antiseptic 
ointment for burns or iodoform powder, which will soothe the pain. Also 
creolme or sahcylic acid can be applied, whereupon cover with cotton wool 
or muslin. If none of these remedies are to be obtained take oil, dripping 
butter syrup, talc or flour. The principal thing is to protect the burnt skin 
from the effects of air. Should a person have fallen into a lime pit or into 

soap lye, he must be at once put into water and washed with a solution of 
Vinegar. 

regarded as asphyxiated 
or hfeless, but the methods for restoration must be carried on, though 

tWng is the restoration of respiration. 
The patient must be laid on his stomach with one arm under the he^. The 
hdad and breast slightly lower than the body. Cleanse the mouth and nose 
th^'^nshlToffb forwards. Place snuff in the nose, tickle 

^ "^“b the breast and face, sprinkle and 

result turn the patient on his back 
When and encourage breathing by pressing on the chest! 

in^w^™ W? blankets and if possible put at once 

in a warm bed with hot stones or bottles and give warm drinks*^ 

K,,. unconscious patient must be carried into the fresh air 

Onen helper himself ^es L^hoke 

Open or break aU wmdows and doors to get fresh air If ta a wT be 

SJ^^th^hS. “ the faee^8?ed, pU 

givSd tX r by 

wouNDitD must be carried out with extreme 
care on some kind of stretcher. Only two persons should c^y ^eS 
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should take care of the patient and if necessary, take a turn in carrying. 
Place the shutter or door in a line with the patient and draw him backwards 
on to it. 

The bearers should not keep step, or the patient will be unduly shaken. 
Start one bearer with the right, the other with the left foot; this will make 
the motion regular and rhythmic. Take short steps. The bearers should 
be of about the same height. 

Accumulators. The usual electrical accumulator, made of spongy lead 
and lead peroxide with H 2 SO 4 as an electrolyte, has come to be generally used 
but is objectionable on account of its great weight. In consequence many 
investigations have been made with the object of devising an accumulator 
in which lead is not used. The first suggestion was the use of copper and 
zinc in caustic potash solution but owing to its marked inefficiency it had no 
mori^ success than that of a later device in which cadmium was substituted 
for zinc. 

Later Edison took out patents for a new cadmium accumulator in which 
the one electrode was cadmium, the other cuprous oxide, but until now this 
has had no commercial success. The same remark must be applied to the 
interesting silver peroxide-copper accumulator in which caustic potash is used 
as electrolyte. 

The nickel oxide accumulator which was so warmly welcomed has up to 
the present found little application on account of the fact that the saving 
in weight compared with the lead accumulator is more than counter balanced 
by its limited capacity and great sensitiveness. In the first nickel accumu- 
lator of Michalowski the negative electrode was zinc. The one devised later 
by Edison differed from this in that the electrode was of iron (afterwards of 
cadmium). In its latest form the Edison accumulator has both electrodes 
of nickel steel, the positive one being covered with a layer of nickel peroxide, 
the negative with a similar layer of finely divided iron. The electrolyte 
is a solution of caustic potash (20 — 30 %). 

According to German Patent 147 468 a coating of graphite is applied to the 
electrodes and a similar method is adopted in the German Patent 158 800. 

The Jungner accumulator differs only slightly from the Edison Nickel- 
accumulator. In this instrument the active elements are of nickel and iron 
oxide compounds strongly compressed between gratings of nickel-plated steel. 
In many trials the Jungner-Edison accumulator has been proved to be efficient, 
but it is doi^btful whether it will displace the lead accumulator. 

The German Patent 142 714 provides for the preparation of nickel electrodes 
by making a paste of nickel salts, applying this to the frame-work of the 
electrodes, treating for a short time with alkali and then converting the nickel 
oxide so formed into a highly oxidized form by the action of the electric 
current. 

The German Patent 159 393 protects the method of preparing nickel 
electrodes with the addition of small quantities of silver, the onject being to 
inrease the capacity. 

Of considerable interest is the accumulator devised by Auer von Welsbach, 
the discoverer of the principle of incandescent lighting. In his apparatus he 
makes use not of the chemical alteration of the electrodes, but of the alternate 
Oxidation and reduction of the electrolyte which consists of a solution of cerium 
sulphate. The ceric sulphate is reduced to cerous sulphate by the hydrogen 
set free at the cathode, and this is subsequently easily reoxidized. The positive 
electrode is carbon, the negative one is zinc and the two are separate by a 
^^^agm made of parchment-paper. 

This accumulator should possess a greater electromotive force than the 
1^ accumulator and be of greater efficiency. Since shaking favours its 
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action, it would aeem that it is specially adapted for motor-car purposes. 
It remains however to be seen whether this accumulator wiUl)e a commercial 
success* 

Up to now one remains in statu quo ante with regard to the lead accumulator. 

Acetals. A class of compounds formed hv the combination of an alcohol 
and aldehyde with separation of water. Of the various acetals methylal 
(methyl dimethyl ether) is of importance. It is prepared from formaldehyde. 
See MBTHYLAL. 

Acetal itself (Methyl acetal) or ethylidene diethyl ether OH 3 . 0 H( 00 ,H .)2 
is a liquid of S. G. 0.8314 (at 20^); it boils at 104° and is formed during the 
process of making brandy. 

Acetaldehyde see Albbhydk. 

Acetanilide (Anttpebrinb) CeH* . NH . CO . CHg. Prepared by prolonged 
heating (1 to 2 days) together under an inverted condenser of equal parts of 
iLnilin fl and glacial acetic acid 

C3H3 . NHj + CHa . COOH = Efi -f CeHa . NH . CO . CH,. 

The reaction is carried out in vessels made preferably of earthenware. 

Acetates see under respective metals. 

Acetic acid. 


CaH 40 « CH, . CO . OH. Acetic acid is obtained from ' crude wood 
vinegar (see special articles on wood vinegar and charcoal manufacture). 
The process is first to distil off the methyl alcohol and then to 
obtain the wood vinegar by distillation. It is a colourless liquid 
containing empyreumatic ingr^ents which render it unfit for purposes 
of consumption. These empyreumatio substances are not completely 
removed by direct treatment although several patents for this purpose 
have been taken out. A good process is first to produce acetate of calcium 
or sodium, then to skim off the layer of tar which collects on the surface of the 
liquid, to separate the clear liquid from the precipitate and finally to evaporate 
the solution so obtained. In some cases the above process is repeated. 
The resulting crystals are generally redissolved, reciystallized ana once 
more dissolved, the solution evaporated, and the salts obtained finally dried 
by heat. The calcined salt is easily transported so that it is explained how 
enormous quantities of crude acetate of lime (thesocalled brown lime) produced 
in other countries are im^rted into Germany and there transformed into 
pure acetic acid. Generally speaking the method of producing acetic acid 
from Ca-salts is the one most usually adopted, and only in a few cases is 
sodium acetate employed for this purpose. 

For the actual p^uction of acetic acid the acetate is dissolved, crystallized, 
and after this preliminary purification decomposed with H, SO. in diarilling 
vessels of copper or earthenware* On heating, the acetic acia distils over. 
The distillation is now frequently carried out under reduced pressure. By 
this method a product of greater purity and strength is obtained in a much 
shorter time. 


^ order to obtain very concentrated acetic acid, the so-called glacial acetic 
acid, dtibier calcined acetate of sodium is distilled with pure H, SO., or the 
ordinary acetic acid is rectified by fractional distillation. 

According to Bohrmann, acetic acid is obtained directly from calcium 
acetate in the following way: The rectifying columns contain sieve-like plates 
of earthenware; the vapours of acetic acid in ascending meet the liquid (i S0| 
for instance) flowing over the sieves and are tons purified and concentrated. 
By means of a senes of sloping plates and tubes the various sieve-plates 
are connected with each other. 



ACETIC ACID APPARATUS 
(All by Doultcn & Co., Ltd., Larubeth) 
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According to the German Patent 146 103, concentrated acetic 
kcid is (Stained from calcium acetate by dissolving the latter 
completely or in part in acetic acid of at least 50 %, and the acetate decom- 
posed by passing sulphur dioxide into the solution. The acetic acid is 
separated mm the calcium sulphite either by filtration or by distillation. 

The ^rman Patent 130 439 treats of the pr^uction of acetic acid directly 
from crude wood vinegar without the intermediate formaticm of an acetate. 
In fact, in the one operation the pyroligneous acid is separated from, the tar 
and at the same time is purified and concentrated. The process is based 
upon the property possessed by the acid sulphates of the alkali metals of 
separating tarry ccmstituents from pyroligneous acid and also upon the fact 
that they have a greater affinity for water than for acetic acid. 1 — 2 parts 
of bisulphate are heated with 2 parts of acetic acid and after the tar is separated 
the filtered solution is subjected to fractional distillation under either atmo> 
spheric or diminished pressure. When the contents of the vessel begin 
to foam strongly, distillation is interrupted, a fresh portion of the crude acid 
added and the ^tillation recommenced. The process is repeated as often 
as required, the tarry constituents separated and corresponding fractions of 
a certain number of previous operations are mixed and placed in a distillation 
apparatus. Accordu^ to the amount of acetic acid contained 1 — 2^ times 
the amount of bisulphate is added. The contents of the vessel are distilled 
and the distillate ref^tionated. This is repeated until all the acid is separated 
into two fractions, one containing concentrated acid of 60 — 70 %, and the 
other a dilute solution (about 0.2 %). The acid should be entirely free 
from tar and ready for immediate commercial use. In consequence of the 
homologous fatty acids present, it is not suitable for table purposes. To 
obtainchemicaUy pure acid andgl^ialacetic acid, the processes above mentioned 
must be carried out. 

According to the American Patent 714 484, acetic acid can be prepaid 
by passing dry HCl gas over calcium acetate which is heated to a temperature 
above the B. P. of acetic acid. 

Pure acetic acid is a colourless liquid with a penetrating smell and is strongly 
corrosive; sp. gr. at 15^0. 1.06533. At. 16.7^ it crystallizes in shimng 
translucent leaves. It is volatile at the ordinary temperature. Boiling 
point 181.1®. 

Aoetio add: 

Domeier A Co.^ Ld., 8 Harp Lane, London E.C. 

Earthenware aoetio aoid apparatns: 

Westdeutsohe Steinzeug<Chamotte* und Dinaswerke G. in. b. H., Euskirohen, Rheinland 

(Germany) (see front part advt. p.). 

Aoetio aoid distUUng apparatoi of metal : 

Volkmar Haenig A Cotnp., Heidenau^Dreeden, Germany (eee front part advt.). 

Acid pomps: 

Harzer A Co., Finsbury Pavement House London B.C. 

Aoid proof fossels: 

Chr. Fikentsober, Zwickau Sa., Germany (see front part advt.). 

Aoid Stand vessels: 

Chr, Fikentsober, Zwickau Sa., Germany (see front part advt.). 

Acetic acid is largely used in dyeing, in fabric printing and Ibr medio^ 
purooses. In a dilute form it is used as vinegar. For hbusehold use it is 
sold as essence of vinegar to which is usually a&ed omrtain substances to im* 
prove the flavour. One part of this essence diluted with 10 parts of water 
gives a vinegar suitable for table use. Essence of vinegar dilute (1 : 10 HtO) 
yields a normal food vinegar. 
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Table of sp. gr. of acetic acid at 16° according to Oudemans. 


S. 0. 

Percen- 

tage 

S. 0. 

Percen- 

tage 

S. 0. 

Percen- 

tage 

S. Q. 

Percen- 

tage 

S. G. 

Percen- 

tage 

S. Q. 

Percen- 

tage 

0,9992 

0 

1,0242 

17 

1,0459 

34 

1,0623 

61 

1,0726 

68 

1,0739 

85 

1,0007 

1 

1,0266 

18 

1,0470 

35 

1,0631 

52 

1,0729 

69 

1,0736 

86 

1,0022 

2 

1,0270 

19 

1,0481 

36 

1,0638 

63 

1,0733 

70 

1,0731 

87 

1,0037 

3 

1,0284 

20 

1,0492 

37 

1,0646 

54 

1,0737 

71 

1,0726 

88 

1,0052 

4 

1,0298 

21 

1,0502 

33 

1,0663 

65 

1,0740 

72 

1,0720 

89 

1,0007 

6 

1,0311 

22 

1,0513 

39 

1,0660 

56 

1,0742 

73 

1,0713 

90 

1,0083 

6 

1,0324 

23 

1,0623 

40 

1,0666 

67 

1,0744 

74 

1,0706 

91 

1,0098 

7 

1,0337 

24 

1,0533 

41 

1,0673 

58 

1,0746 

75 

1,0696 

92 

1,0113 

8 

1,0360 

25 

1,0643 

42 

1,0679 

69 

1,0747 

76 

1,0686 

93 

1,0127 

9 

1,0363 

26 

1,0652 

43 

1,0685 

60 

1,0748 

77 

1,0674 

94 

1,0142 

10 

1,0375 

27 

1,0562 

44 

1,0691 

61 

1,0748 

78 

1,0660 

b 5 

1,0157 

11 

1,0388 

28 

1,0571 

45 

1,0697 

62 

1,0748 

79 

1,0644 

96 

1,0171 

12 

1,0400 

29 

1,0580 

46 

1,0702 

63 

1,0748 

80 

1,0626 

97 

1,0185 

13 

1,0412 

30 

1,0589 

47 

1,0707 

64 

1,0747 

81 

1,0604 

98 

1,0200 

14 

1,0424 

31 

1,0598 

48 

1,0712 

65 

1,0746 

82 

1,0680 

99 

1,0214 

16 

1,0436 

32 

1,0607 

49 

1,0717 

66 

1,0744 

83 

1,0563 

100 

1,0228 

16 

1,0447 

33 1 

1,0615 

50 

1 

1,0721 

67 

1,0742 

84 




In order to obtain the essence from fermentation vinegar, the latter according 
to the German Patent 140220, is treated with an equivalent amount of NaH SO4, 
and the solution distilled until a temperature of 125® is reached. Then the 
liquid removed by distillation is replaced by a fresh quantity of vinegar and 
the whole operation repeated. After a considerable number of distillations 
the extractives are separated from the bisulphate and are added to the 
concentrated essence. In order to concentrate the vinegar purified by the 
first distillation, two to three times the amount of Na H SO4 is added and 
the whole fractionated. Fractions of the same concentration from several 
distillations are mixed and again distilled with bisulphate. By this means 
an acid of 60 % strength is easily obtained. This method has the particular 
advantage that the ethers upon which the aroma of the vinegar depend, 
are not lost and that the acid is concentrated without the intermediate 
formation of the calcium salt. 

The fact that essence of vinegar may be easily produced from dry acetates 
while fermented vinegar, itself weak, must be concentrated in some way 
so as to become the essence of vinegar suitable for the household* is naturally 
a great obstacle to the fermented vinegar industries. 

Acetic anhydride (CHg . COlgO. Produced by distillation of a mixture 
of acetyl chloride and sodium acetate or of a mixture of anhydrous sodium 
acetate and phosphorus oxychloride. 

According to German Patent 127 350 it is produced from sodium acetate 
by the action of chlorine and sulphur dioxide 

4 CHg . CO, Na + SOg + Clg = 2 (CHg . COl^O + Na^ SO3 + 2 NaCl. 

There are other methods for making the anhydride, most of which are 
also patented. Instead of phosphorus oxychloride use is made of other 
chlorides, as for instance acetyl chloride, phosgene, sulphuryl chloride. In 
the case of sulphuryl chloride the reaction is practically identical with the 
equation given above. 

The German Patent 132605 treats of a process of obtaining acetic an- 
hydride from acetates by the use of sulphur chloride. The reaction takes 
place under reduced pressure, and the acetic anhydride distils over at 62®, 
a temperature at which no SO^ is formed. If conducted at the ordinary 
pressure, the distillation would yield a product greatly contaminated with SOj* 
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According to the German Patent 146 690 acid anhydrides can be obtained 
by the action of the salts of chlor sulphonic acid upon the salts of organic 
acids. In order to prepare acetic anhydride 160 kilo of sodium chlorsulphonate 
are heated with 170 kilo of anhydrous sodium acetate. The reaction begins 
at 70® with a considerable evolution of heat, when part of the anhydride 
distils. The rest is obtained by heating to 200® — 250®. The change is 
expressed by the following equation: 

2 CH 3 . C 02 Na + ClSOgNa = (CH 3 . C 0)20 + Na^SO^ + NaCl. 

According to the French Patent 354 742 acid anhydrides can be prepared 
by heating the anhydrous salts of organic acids with silicon tetrafluoride 
(obtained by heating together fluor spar, sand and sulphuric acid). In the 
case of acetic anhydride the gas is allowed to act on anhydrous sodium acetate 
at a temperature of 200® — ^220®. The gas is rapidly absorbed and the an- 
hydride distils over. 

The German Patent 161 882 describes a method of obtaining the anhydrides 
of monobasic organic acids by means of sulphuryl chloride, using instead of the 
salts of the alkalies a mixture of these with the salts of the alkaline earths. 
The dry salt mixture is cooled and treated with the sulphuryl chloride. For 
instance 164 kg. of fused and then pulverised sodium acetate are well mixed 
with 168 kg. of dry calcium acetate and then decomposed with 135 kg. sulphuryl 
chloride. The whole is well stirred and cooled, and the resulting acetic 
anhydride separated by filtration. 

It is a colourless, mobile liquid, wdth a penetrating smell, sp. Gr. (at 20® C.) 
1.073; boiling point 137®. 

Acetic compounds see articles Acetol, Acetone &c. 

Acetic Ester (Acetic ether, Ethyl acetate) CH 3 . CO 2 . C 2 H 5 . Obtained 
by distilling a mixture of ethyl alcohol and acetic acid with sulphuric acid, 
or by distilling sodium acetate and sulphuric acid with alcohol. In the lat^jer 
case ethyl sulphuric acid (C 2 Hg. HSO 4 ) is obtained as an intermediate product. 

It is a colourless mobile, neutral liquid with a fruity smell. S. G. (16®) 
0.9068. B. P. 77®. Easily inflammable, burning with a smoky flame. 
Soluble in 9 parts of water. Mixes in all proportions with alcohol, ether, 
fatty and essential oils. It is used medicinally, for the preparation of fruit- 
essences (used in perfumery and in the manufacture of liqueurs), and also 
in large quantites for the preparation of different kinds of smokeless powder. 

Acetic Ether: 

C. Erdmann, Ueipzig-Lindenau, 

Acetic Ether apparatus: 

Volkmar Haenig & Comp., Heidenau-Dresden, Germany (see front part advt.). 

Acetine. A mixture of various acetyl derivatives of glycerine. It is 
prepared by mixing equal parts of pure glycerine (28® Baume) and glacial 
acetic acid, allowing the mixture to stand for 12 hours and then heating to 
140® whilst a current of dry air is drawn through until no furthe distillate 
18 obtained. The residue contains the acetine while the distillate is 60 % 
acetic acid which is used for future operations. 

Acetine is used either in a neutral form or in one containing about 20 % 
free acid. In the former case as much as possible of the acid is removed by 
distillation : in the latter, this is not carried so far and the requisite amount 
Of free acid must be subsequently added. 

Acetine is used in dyeing. 

Acetoacetlc ester CH, . CO . CH, COO CjH,. 
i ^ prepare acetoacetlc ester 20 g of metallic sodium are dissolved 

m 200 g of ethyl acetate. A sodium derivative is formed CHj . COCHNaCOO 
The excess of ethyl acetate is removed by distillation and to the 
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residue 110 g. of 50 % acetic acid are added and, after cooling, lOOg. of water. 
The layer of acetoacetic ester which separates at the top is rectified by distilla- 
tion and the fraction coming over between 176® and 186® is collected. 

It is a pleasant-smelling liquid, S. G. 1.0266 (at 20®), B. P. 181®; slightly 
soluble in water; easily volatile in steam. It is a very reactive substance 
and plays an important part in many condensation reactions. 

Acetocaustine : 

Dr. L. C. Marquart chein. Fabrik, Beuel a. Khein, Germany. 

Acetol. The alcohol derived from acetone CH^ . Co . CHg . OH. The 
salicylic ester is known as Salacetol (see this art.). This substance is not to 
be confused with the acetol used as a photographic developer (see Photo- 
graphic Chemicals). 

Acetol silver lactate CaHjO^Ag HgO. Used as an antiseptic and also 
in the form of an aqueous solution for steeping the silk and catgut materials 
employed for stitches. 

Acetoraeter see Vinegar. 

Acetone (Dimethyl ketone) CH3 . CO . CH3. Is prepared commercially 
from dry calcium acetate by slowly decomposing the latter at a temperature 
below 300® and condensing the vapours oy rapid cooling. According to 
another method the vapours of acetic acid are passed over porous baryta 
heated to 350® — 400® and the products cooled in ice. According to German 
Patent 144 328 the substance from which acetone is prepared is employed 
in a moist state and is heated in retorts to a red heat. This arrangement 
prevents irregularities and overheating of the walls of the retort. 

According to the American Patent 719 223 carbonates of the alkaline earths 
ar^ heated with carbon and then treated with nitrogen. A cyanide is formed 
which is heated with acetic acid. HCN is given off and the residual acetate 
is reconverted by heat into a carbonate whilst acetone is formed. The car- 
bonate is used in future operations. 

According to the French Patent 361 379 the vapours of acetic acid are 
led over a heated acetate, the distillation vessel being filled with porous 
material, such as broken coke, in order to increase the active surface. 

The German Patent 170 533 is based upon the decomposition of calcium 
acetate into acetone and CaCoj, but since at a temperature of 500® the latter 
dissociates into CaO and COg, the whole process is carried out- in a stream 
of CO 2 in order to prevent the formation 01 quicklime which exerts a decom- 
posing action upon the acetone. 

The English Patents 25 993 and 26 994 (1901) are concerned with the 
recovery of acetone from smokeless powder, the property acetone has of 
combmmg with bisulphites being here made use of. The mixture of acetone 
and air is drawn through towers supplied with a solution of bisulphite. The 
sulphate produced by oxidation in the towers is crystallized out by cooUng 
and from the residual liquid the acetone is obtained by distilling with alkalies, 
or better, it is simply distilled off and the small quantity of SOn formed by 
d^omposition converted into bisulphite by the addition of alkali before 
toe whole is rectified. The bisulphite so formed is used for future operations, 
ihe towers are filled with a network of pack-thread stretched on frames 
dosely pack^ together. Running along the length of the frames are grooves 
by means of which the bisulphite solution is distributed and in order to 
prevent this from evaporation the mixture, before it passes into the 
absorption tower is passed through a tower saturated with water vapour. 
Ihe method which is also described in Ger. Patent 164 124, should give 
excellent results. ’ ou^t**'* 6 
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The crude acetone is purified by treatment with quicklime, distillation over 
NaHO and finally by distillation with sodium sulphite. 

Colourless liquid having an ethereal smell and a burning taste. S. G. 
0.7921 (at 18®), B. P. 56®. Soluble in water, alcohol, ether and chloroform. 
It dissolves almost all resins, fats, ethereal oils and nitrocellulose (guncotton). 

It is used in the dyeing and varnish industries, in the preparation of iodo- 
form and of recent years in the manufacture of smokeless powder. 

Acetone: 

Dornoior & Co. Ld.. 8 Harp Lane, London E.C. 

Acetone oils are by-products obtained in the commercial preparation of 
acetone. They consist of ketones, aldehydes, condensation products of 
acetone &c. and are separated in the first distillation. They are sold in two 
grades, light (B. P. 75® — 130®) and heavy (B. P. 130® — 270®) and are used in 
the purification of anthracene. 

Acetone sulphite see “Photographic Chemicals”. 

Acetophenone (Phenylmbthyl ketone) CHg . CO . CH3. Used as a drug 
under the name Hypnone. It is obtained by heating benzene and acetyl- 
(^hloride with AlgClg. The fraction distilling between 190® and 200® is redistilled 
and the portion coming over between 195® and 200® collected. 

Acetophenone is a colourless or yellowish oily liquid boiling at 201®. At 4® 
it solidifies to a mass of leaves, melting at 20®. Almost insoluble in water, 
very soluble in alcohol, ether, chloroform, benzene and fixed oils. 

It is prescribed as a hypnotic in the form of capsules, the dose being from 
0.05 to 0.15 gramme. 

Acetyl chloride. CHj . CO , Cl. A colourless pungent liquid obtained by 
the action of PCI3 and POCI3 upon acetic acid. According to the German Patent 
151 864 the acetates of the alkaline earths (e. g. calcium acetate) are hlti- 
mately mixed with sulphuryl chloride and the whole distilled, when acetyl 
chloride passes over. 

Of importance is the method described in German Patent 146 690 according 
to which acetyl chloride is obtained by heating together to a temperature of 
160®— -200® 1 molecule of anhydrous sodium acetate and 2 molecules of sodium 
chlorsulphonate, SO3 . Cl . Na. 

Acetyl chloride decomposes readily in presence of water, and this reaction 
is of great importance because of the great ease with which the substance 
reacts with 'various compounds. 

Acetylene CgHg. A gaseous hydrocarbon now always prepared by the 
action of water upon calcium carbide at the ordinary temperature. The 
reactionjproceeds according to the equation: 

CaCa -f 2 HaO = + Ca(OH)2. 

At the atmospheric pressure, acetylene is a colourless gas of S. G. 0.92 
(air =1). Under a pressure of 48 atmospheres it is condensed at 1 ® to a highly 
refractive liquid of S. G. 0.451 (at 0®) Acetylene burns with a smoky but 
exceedingly brilliant flame. By means of specially-constructed burners 
the smokiness can be avoided, and the light obtained is fifteen times greater 
than that obtained from an equal amount of ordinary coal-^as. One objection 
to the use of acetylene is the fact that mixed with air it is explosive. The 
most dangerous mixture is one consisting of 1 part acetylene with 12 parts 
air, but any mixture consisting of 1 part acetylene with a volume of air 
varying from 1.25 up to 20 is explosive. In acetylene gas plant the danger 
of explosions is almost entirely prevented by limiting the size of the openings 
of the burners. 
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Acetylene heating. 


Pure acetylene has scarcely any poisonous action and possesses an aromatic 
smell. The commercial gas has an objectionable odour and poisonous pro- 
perties due to the presence of sulphides and compounds of phosphorus and 
hydrogen. These impurities are removed by the use of special absorption 
apparatus. 

On a commercial scale 1 kilo of calcium carbide yields 300 litres of acetylene. 
The cost of acetylene lighting can be estimated from the following data. 
1 kilo CaCg costs three pence, 3delding 300 litres acetylene. This amount 
gives per hour light equivalent to 500 candle power, so that 0.6 litres gas 
gives one standard candle-power-hour. (This estimate includes merely the 
cost of the calcium carbide.) 

Although under proper management, acetylene gas forms an excellent 
and safe lighting medium, yet liquid acetylene is a dangerous material to 
handle and frequently explodes from no ascertainable cause. 

Of wide application is the use of a solution of acetylene in acetone. 1 litre 
of acetone dissolves at atmospheric pressure 24 litres and at a pressure of 
12 atmospheres, 300 litres. 

For calcium carbide see the article “Carbide”. 

Lunge and Cederkreutz employ bleaching powder for the purification of 
acetylene but the use of this material is the ’ cause of sudden explosions. 
According to Germ. Pat. 162 324 such explosions may be prevented by the 
use of a special kind of bleaching powder of the composition CaO, CaOCl2, HgO 
which may be formed by the action of chlorine upon slaked lime provided 
that the reacting substances are kept cool. 

The method of removing phosphine from acetylene by passing the gas 
through a strong acid such as H2SO4 is open to the objection that after a 
time the phosphine is no longer absorbed. The German Patent 179 994 
seeks to remove this objection by the addition of AS2O3 which is said to make 
thq effect of the acid more lasting. 

Acetylene heating. When acetylene is burnt with pure oxygen a tem- 
perature is attained which closely approximates to that obtained in the 
electric arc (i. e. 3500®). The essential condition for the application of 
acetylene for heating purposes, as for example in the welding of iron in which 
it is particularly useful, is the employment of a good burner in which the 
mixing of the gases can be regulated and explosions avoided. 

Acetylith. This name is given to a preparation of calcium carbide coated 
with sugar. When this is used the unpleasant evolution of acetylene, which 
takes place after the removal of the water, is obviated. As a consequence, 
the carbide which has not been acted upon remains unaltered in the reservoir, 
and it only requires a fresh addition of water to promote again the evolution 
of the gas. 

Acetylsalicylic acid. (Aspirin) C.H4 (CO2 . CH3) . COgH. In order to 
prepare this compound salicylic acid is boiled with acetic anhydride, or salicylic 
acid is heated with acetyl chloride to 80®. In either case a crystalline mass 
IS obtained which is recrystallized from chloroform. 

According to the American Patent ■ 749 980 acetyl salicylic acid can be 
prepared by heating together salicylic acid, sodium acetate and the chloride 
of p. toluene sulphonic acid. Instead of the acid an ester of salicylic acid 

^t ^ which case the corresponding ester of acetyl salicylic acid 

The EngUsh Patent 15 517 (1902) is concerned with the preparation of salts 
of this acid. ^ ^ 

Colourless crystals (needles) having an acid taste. M. P. 135®; moderately 
soluble in water, easily in alcohol and ether. 
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It is a valuable drug which has to a large extent replaced salicylic acid 
in the treatment of rheumatism and neuralgia. Dose : 0.5 g. As much as 
ig. may be given daily. 

Acidimetry see Ai^limetry. 

Acidol. (Betaine hydrochloride) CHgN ( 0113)3 01 . OOgH. This com- 
pound forms colourless crystals easily soluble in water. The solution possesses 
an acid taste like that of fruit. The crystals contain 23.8 % HOI. Because 
of its ready hydrolytic dissociation in aqueous solution it should prove, as a 
drug in a convenient solid form, a valuable substitute for HCl, particularly 
in diseases of the digestive system. 

0.5 g of acidol in the solid form is equivalent to 10 drops of 12.5 % HOI. 

Acidol pepsin. A stable preparation of pepsin and hydrochloric acid 
obtained from pepsin and acidol. It is sold in two strengths and possesses 
good digestive properties. 

Acoin. (Diparaanisilmonophenetylguanidine hydrochloride.) Has 
been recently much used as a drug. It is employed as a local anaesthetic 
and is said to possess many advantages over cocaine. 

Aconitin. An alkaloid prepared from Aconite (Aconitum napellm). The 
formula is unknown but is probably C 34 H 47 NO,i + HgO. It is obtained 
from the tubers of the aconite by extraction with 90% alcohol at a tem- 
perature of 60®. Aconitin and its salts are used in medicine. Great care 
in its use is necessary, since it is one of the strongest plant poisons known. 
The different preparations possess different toxic powers. The usual dose 
is 0.0003 g with a maximum dose of 0.006 g per diem. 

Acopyrin. (Antipyrine acetyls alicylate.) A white crystalline powder 
easily soluble in alcohol, very insoluble in water. It is prescribed in cases 
3 f acute rheumatism and also in fevers and for head-aches. 

Acridine Dyes. The parent substances of the acridine dyestuffs are acridine 

phenylacridine CgH^ . C^ — - - 

XH/ ^CeH/ 

The acridine dyestuffs have an arrangement similar to that of anthracene, 
tney are derived from di- and triphenyl methane and may also be regarded 
connected with the pyrones and rhodamines. 

Acntoe yellow is the hydrochloride of diamidodimethylacridine. It is 
mtamed by the action of formaldehyde upon m-toluylenediamine. Ammonia 
en spht off from the product resulting from this action and the substance 
>0 obtained is oxidised. 

Acrolein see Glycerine. 

Adeps lanae see Wool fat. 

Adeps mineralis see Vaseline. 

Adeps petrolei see Vaseline. 

Adeps suillus see Lard. 

materials are used for the preparation of adhesives, 
dmU Arabic, glue, dextrine, solutions of caseine &c. The following 

A ofj recognised: ^ 

^ CEMENTS mixtures of mineral substances in a powdered form 

j ^eed oil or varnish. 

nore whitening and linseed oil: hardens 

H cKiy when zinc oxide, litharge or minium is added to the mixture. 
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Adhesives. 


A similar preparation is also obtained when asphalt is mixed with chalk and 
fatty oils. According to the German Patent 164 220 the asphalt and chalk 
may be replaced by bituminous limestone. 

2. Diamond metal cement. 10 parts whitening, 15 pts. litharge, 60 pts. 
graphite, 5 pts. calcium hydroxide and 20 pts. linsehd oil varnish. This 
must be warmed before use. 

3. Metal cement free from lead. 8 pts. barium sulphate, 6 pts. 
graphite, 3 pts. calcium hydroxide and 3 pts. boiled linseed oil. 

4. Metal cement. 100 pts. MnOj, 5 pts. white lead, 3 pts. minium, 
3 pts. alumina (clay), 12 pts. graphite, 18 pts. varnish. Another recipe is 
the following : — 2 pts. minium, 5 pts. white lead, 4 pts. dry alumina (clay) 
and sufficient varnish to give the right consistency. FinaUy, the following 
is highly recommended: —9 pts. mastic are melted with 27 pts. linseed oil 
and 9 pts. white lead and 18 pts. litharge are stirred into the mixture. This 
must be used hot. 

6. Mastic cement (Stone cement): A mixture of sandstone, limestone 
and litharge; 100 pts. of the powder are mixed with 7 pts. oil- varnish. 

6. Stone cement. (Paget’s mastic): 21 pts. chalk, 63 pts. sand, 6 pts. 
white lead, 2 pts. litharge, kneaded to a paste with a saturated solution of 
acetate of lead and finally mixed with 6 pts. linseed oil. 

7. Quick drying cement: White lead, plaster of Paris, linseed oil with 
a little water. 


8. Water proof stone cement: 2 pts. kieselguhr, 1 pt. litharge, 2 pts. 
calcium hydroxide, mixed with varnish. 

B. RESIN CEMENTS, Consisting of resin solutions or molten resin 
mixtures: waterproof, elastic, but not resistant to heat. 

1. Mastic cement (Amber cement): Equal parts of mastic and linseed 
oil melted together. 

Q . Glass and china cement: 30 pts. shellac, 10 pts. mastic, 2 pts. terpen- 
tine, 110 pts. alcohol. 

3. Wood cement: Thick alcoholic solution of shellac. A good medium 
for fixing wood or glass on iron, consists of a fused mixture of equal parts 
of shellac and pumice-stone; — should be applied hot. 

4. Resin cement (Stone cement) : 1 pt. resin, 1 pt. sulphur, 2 — 3 pts. 
powdered stone. 

5. Pumice-stone cement : Equal parts powdered pumice-stone and shellac 
form a good cement for glass and metal, and for metal and wood or china. 

6. Metal cement (for metals and wood) : 4 pts. yellow resin, 1 pt. black 
pitch, 2 pts. wax and 1 pt. brick powder; — to be applied hot. As good a 
cementis obtained by boiling 1 pt. cologne glue with 1 pt. shellac and adding 
1 pt. whitening. 

7. Marine glue: 1 pt. india rubber dissolved in 12 pts. turpentine (or 

paraffin) and added to two parts asphalt or sheUac. This marine glue, which 
18 an extremely powerful adhesive, must be applied hot. Another receipt 
for rubber cement is : — 2 pts. melted tallow to which are added 30 pts. finely 
divided rubber. The whole is melted carefully and while stirring 2 pts. 
mmium or lime are added. © r 


8. Glass putty: 1 pt. rubber, 16 pts. mastic, 64 pts. chloroform. 

9. Asphalt cement, various mixtures of asphalt with sand, powdered 
stone, sulphur, oils, litharge, rubber waste &c. Suitable for a variety of 
purposes. 

Freshly prepared cheese is mixed with powdered 
slaked lime and apphed at once. This cement is suitable for articles of wood, 
metal and glass, but must be used at once. It has therefore been recommended 
^ ^ solution of caseine in ammonia, to apply this solution to the 
p rta to be cemented and to add milk of lime when the solution has evaporated, 
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the pieces being then well pressed together. Of the numerous receipts for 
the preparation of caseine cements the following should be noted: — Accor- 
ding to A. Wenck the caseine to be used is rendered slightly alkaline with 
sodium or potassium hydroxide, then subjected to a temperature of 60° C. 
for 24 hours, mixed with lime and water glass and in order to obtain a more 
rapid effect then mixed with small quantities of substances containing tannic 
acid (such as gallotannic acid, catechu or oakbark). An improvement on 
the German Patent 60166 is aimed at by German Patent 154 289. 

D. LINSEEDMEAL CEMENT. 3 pts. linseed meal and 2 pts. rye meal, 
mixed with water, forms an excellent putty for luting distillation apparatus &c. : 
used in laboratories and factories. 

E. CLAY PUTTY. Clay kneaded with soft grey blotting paper and milk, 
and mixed with a little common salt and ferrous sulphate. 

F. WATERGLASS CEMENT. Prepared from a solution of sodium 
silicate (33 ^ Be.) and whitening. Antimony sulphide and zinc dust are fre- 
quently added. 


For further information see “glues”, “dextrin” and “gums”. The following 

are a few recent patents connected with improvements in adhesives: 

According to^ German Patent 145 916 the adhesive substance is extracted 
trom seaweed in the form of insoluble calcium tangate, by precipitating 
a solution of seaweed in NaaCOg by means of milk of lime. The precipitate 
separated by filtration is dried, mixed with 20 % dry NagCOg and the mixture 
used as an adhesive in the form of a powder. From the remainder after 
filtering the NagCOg is regained by means of a current of COg, the resulting 
solution being used for treating a further quantity of sea weed. 

According to German Patent 14 946, the waste liquors from the sulphite 
industry are used for the preparation of an adhesive, after the sulphite waste 
sulphites by oxidation and then heated under pressure 
with chlorates until the tannic acid is converted into gallic acid and sugar. 
Ihe mixture is then further heated, the excess of acid neutralized if necessary 
and the whole mixed while hot with a solution of 10—30 % of glue and 
evaporated. 


According to German Patent 149 550 solid adhesives are made by mixing 
pow ered (mxtrine, gum arabic or similar adhesives with powdered sugar or 
cap in a dry condition, and compressing the mixture. By moistening a 
^ Ti VI with a brush a sufficient supply of adhesive is obtained. 

f Patent 885 (1903) treats of the preparation of an adhesive 
to fhaf subjecting it first to the action of calcium chloride, and then 

aod f bicarbonate. The starch is then said to be soluble in water 

the g'lmlike solutfbn mth boiUng H,0. At the general meeting of 

ceminrr » Berlin 1904, a communication was made con- 

providL\ ® making an adhesive from starch which 

starch ifl f ®'^®stitute for a soluble gum. According to the communication 
^ar\an Wf f % H^SOrat temperatures below 35° C.. When 
CaCO ^etected, the process is interrupted, the whole neutralized with 

to be^rniniv .1 extracted with some solvent and purified. It is said 

See also smell, easily soluble and of strong adhesive power, 

adhesi^ is nW** j St^ch. Accordine to German Patent 172 610 an 
this is dripci nnrf? 1 a by-product in the preparation of wheat starch; 
wlthus obtein^ finely powdered and treated with SO,. An adhesive material 
applied with a bmh ““ed with the proper amount of water can be 
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Adipic acid. 


Adipic acid COgH . (CH 2 ) 4 . COOH. Prepared by the oxidation of fats 
with nitric acid. Forms colourless crystals, M. P. 148®, soluble in water, 
alcohol and ether. 

Adjective Dyestulfs see Substantive Dyestuffs. 

Adorin. A powder containing a polymeric form of formaldehyde used 
in cases of excessive perspiration of the feet. 

Adrenaline known also as Suprarenine C 9 H 13 NO 0 . The constitution is 
probably C 6 H 3 (OH) 2 . CH(OH) . CHg . NH . CH 3 . It is the active principle 
of the suprarenal bodies. For its preparation the external layers of the 
suprarenal glands are used. These are extracted with water or dilute acids, 
the extract concentrated and the residual product purified by recrystallization. 

Bertrand prepares the substance by taking the suprarenal glands of the 
horse in a fresh condition, reducing them to a fine state of subdivision, mixing 
with powdered oxalic acid and then macerating with 95 % alcohol. The 
whole is then squeezed and the expressed liquor filtered and evaporated to 
remove the alcohol. The lecithin which separates is removed by shaking 
with petroleum ether, and the aqueous layer is purified by centrifuging after 
treatment with lead acetate. The adrenaline is obtained in a crystalline state 
by the evaporation (in vacuo) of the clear yellowish fluid and the subsequent 
addition of a little ammonia. The product is further purified by successive 
treatments with sulphuric acid, alcohol and ammonia. 

From 118 kilos of the fresh tissue 125 g of adrenalin are obtained. 

According to the later method of Stolz, it may be prepared by the action 
of chloracetylethylchloride on catechol. 

Pure adrenaline is a grey-white crystalline powder insoluble in water. 
M. P. 212®. It is sold in this form and also as adrenaline hydrochloride and 
as suprarenine borate. 

'By reason of its strong astyptic properties it is used for the staunching of 
wounds and also in cases of catarrh. The strength of solution employed 
varies from 0.1 to 0.01 %. The maximum quantity used as a subcutaneous 
injection is 0.0005 g. 

Adurol see Photographic Chemicals. 

Agaricine. A resin acid obtained by extraction with alcohol of the fruit- 
bodies of Polyporus oflicinalia and of Agaricus albus. In a pure state it 
forms powdery crystals with a silky lustre, slightly soluble in cold water, 
ether and chloroform, but readily in boiling water or alcohol and most readily 
in hot acetic acid. 

It is used medicinally as a febrifuge in doses of from 0.005 to 0.01 g. 

Agathine (Salicylaldbhydbmbthylphenylhydrazone). Obtained by 
the action of molecular quantities of salicylic aldehyde and as-methylphenyl 
hydrazine. White crystals insoluble in water, soluble in alcohol, ether and ben- 
zene. M. P. 74®. Used medicinally as an antineuralgic in doses from 0.15 to 0.5 g. 

Agnrine (Thbobrominbsodium acetate). Is recommended as a good 
diuretic and is prescribed in doses of from 0.5 to 1 g with a maximum daily 
dose of 3g. 

Air, atmospheric. A mechanical mixture of 23.2 % oxygen, 75.5 % nitrogen 
and 1.3 % argon (by weight), together with carbon dioxide and other gases. 
At latitude 45® 1 litre of dry air at 760 mm and 0® weighs 1.29306 g. Reckon- 
ing water as unit the S. G. is 0.0012934. At a temperature t and pressure b 
the S. G. (D) of air is given by the formula 

0.0012934 . b 

^ (1 -f 0.003665 . t) . 760 
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Calculated for water at 4^^ at temp, t and press, b. 
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Air compressors. 

Har^()^ & Co., Finsbury Pavement House, London E.C. 

Air pumps. 

fit '[rich Hecliraann, Berlin SO. 16, Briickenstr. 6b (see advts.). 

'"'il ra.s.sburg. 30 Groat St. Helen’s, London E.C. 

iSc’ott & Son Ld., 2 Talbot Court, London E.C. 

^olkniar Haonig & Corap., Heidenau-Dresden, Germany (see front part advt.). 

& Huebner A.-Q,, Halle a. S., Germany. 

Air, liquid. The critical temperature of atmospheric air is — 140®, the 
ntical pressure is 39 atmospheres. Under ordinary atmospheric pressure 
becomes liquid at —191®. 

LKiuid air is usually prepared by the help of the Linde apparatus. The 
compressed by a two-cylinder pump first under a pressure of 16 
then further under one of 200 atmospheres, led into a cooling chamber 
^ get nd of the heat developed by the compression and then pass^ through 
t senes of copper tubes, running inside one another and spirally arrang^. 
- 10 air passes along the inner tube to the bottom, escapes through a reducing 
hr^^ b pressure is reduced from 200 to 16 atmospheres, thence 

^ ough the outer copper tube back to the compression chamber when it 
the cycle. The expansion taking place at the valve 
sea absorption of heat which constantly cools the escaping air and so 
Bluoher. o 
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Air, liquid. 


also the air passing down tlie inner tube until eventually liquefaction takes 
place. The liquid air is collected in suitable vessels and a fresh quantity 
of air is admitted to replace that lost by liquefaction. In order to prevent 
the apparatus from being choked by ice the entering air must be carefully 
dried by passing through absorption apparatus. The liquid air thus obtained 
is rendered cloudy by the presence of solid COg which may be removed by filtration . 
Liquid air is a water-clear, bluish liquid wdiich does not fume in the air. 

Pictet’s method for the liquefaction of air depends upon thermo-mechanical 
principles. It is protected by French Patents 322 600 and 324 715, the most 
important points being the following. 1. The air is filtered, compressed 
and dried. 2. The dry compressed air is cooled to its liquefying point 
i. e. about — 194^. 3. The liquid air is filtered to remove solid CO 2 . 4. The 
filtered licpiid is again allowed to evaporate in order that the more volatile 
constituent i.e. nitrogen and afterwards the less volatile constituent i. e. o.xygen 
may escape. 5. The cold due to this (wajuiration is used to liquefy compressed 
air pumped into the apparatus. 6. An automatic arrangement secures 
continuous working. 7. Another automatic arrangement allows the 0 and N 
to escape of the required degree of purity and also prevents the escape of a 
gas mixture too nearly approaching in composition that of ordinary air. 

In the Pictet method a portion of the energy, viz. that set free during 
the re-evaporation, is used for the production of mechanical force (14 to ^/3 of 
the energy of the system is thus rendered available). 

German Patent 162 323 (Pictet) protects an apparatus for the separation 
of the constituents of air in which by means of compressed air a continuous 
fractional distillation of liquid air takes pla(;e. Other patents taken out 
by Pictet arc German Patent 162 702 and 169 564. In spite of all improve- 
ments in the Pictet method, the Linde apparatus seems to be the best. 

For storing liquid air, Dewar ves.sels are u.sed. These are double-walled, 
<.he space between the two walls being rendered as vacuous as possible; 
the inner surfaces are also covered with a highly lustrous silver mirror. In 
this way conduction and radiation of heat are much diminished. 

If liquid air is allow ed to stand in open vessels it evaporates only gradually, 
since the evaporation of a portion cools the residue. According to recent 
investigations, in 24 hours 7 % at most is lost by evaporation if the liquid is 
contained in Dew^ar vessels. 


German Patent Ibl 362 protects a vessel for collecting ai\d transporting 
liquid air which is exactly like th(‘ Dewar vessel in so far as it consists of two 
vessels one hanging inside the other, separated by a vacuous space. The 
special feature of the apparatus lies in the fact that the outew vessel is enclosed 
in a sack-shaped covering impenetrable to air, w^hich is continued as an inner 
lining of the inner vessel with the object of covering the whole with a con- 
tinuous insulating material. 

Liquid air is much richer in oxygen than atmospheric air because the oxygen 
liquefies at 182.7 while the nitrogen remains gaseous above — 194.4^. On 
standing the liquid air loses N by evaporation, and a mixture of % 0 and V> N 
' f u ^ purposes this may be used in place of pure 0. On account 
of Its high price It has not lieen largely used, through it is used to same extent 
as an explosive (oxyliquite) mixed with wood charcoal. When this is exploded 
with a detonator (fulminating mercury) the carbon-oxygen mixture burns with 
explosive violence. Since the liquid air quickly evaporates the oxyliquite 
cartridges are made of wadding impregnated with three times the weight of 
wood-charcoal pow'der and only treated with the liquid air just before use. 

^ capacity at a price of 1 /6 d per 
e vessels are packed^ for transport in upholstered baskets An 
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Air Gas. A mixture of air and gasoline (q. v.) is used for lighting purposes. 
Usually the air is compressed and forced through the liquid hydrocarbon 
when it becomes charged with the vapours of the latter. During the prepara- 
tion of the compressed air-gas no rise of temperature takes place. 

Another variety of air-gas is the socallcd aerogene-gas. This is obtained 
not by passing air through gasoline or benzine but by mixing the air with the 
vapours. These vapours are contained in a chamber in which the pressure 
is reduced. After mixing the gas is compressed. The method is protected 
by German Patent 150 766. The difference between ordinary air-gas and 
aerogene-gas is that the latter is always of the same composition and no 
condensation takes place. The apparatus used in its manufacture consists 
of a pump worked by clockwork or a motor which sucks in the air and inti- 
mately mixes it with the vapour. The amount of air used is measured 
by a gas-meter of peculiar construction: in the elongated spindle of- the drum 
a siKition apparatus is present which introduces the hydrocarbon in the 
manner described. 

Alapurine. A special name given to the purest kinds of lanoline. For 
further particulars see the article Wooi.-fat. 

Alarums. Electric alarums for chemical works are so constructed as to 
avoid the possibility of explosive gases becoming ignited by any electric 
sparking. The mechanism is also protected from the influence of moisture. 
A similar kind of apparatus is made for use in machine- and battery works. 

Allmrgine. A compound of gelatose and silver nitrate obtained by acting 
with silver nitrate upon gelatose prepared from a dialysed solution of gelatine. 
The mixture is carefully evaporated to dryness. 

A pale yellow powder easily soluble in cold water. Chiefly used in the 
form of a 0.1 to 0,2 % solution as an injection in cases of gonorrhoea. It is 
also (employ cd in the treatment of wounds and is then used as a 2 % solution. 
For convenience it is also prepared in the form of pastilles. 

Albumin. For a general account see the article Proteids. 

All)umin is technically prepared from the white of hens’eggs (Egg albumin) 
and from the blood-serum of different animals, particularly from that of 
cattle (vSerum albumin). 

Albumin : 

W. Eugon Seemann, Stuttgart, Germany. 

1. Egg albumin. Fresh white of egg after suitable dilution is beaten 
into a froth. After the froth has disappeared the solution is filtered through 
a conical woollen bag and the filtrate spread out in thin layers on plates and 
flat dishes. It is then evaporated to dryness in a stream of dry air at a tem- 
perature of 3fP to 40®. This drying takes from 30 to 60 hours and the result- 
ing albumin is left as a pale yellow, transparent mass often occuring in leaves 
or in a conchoidal form. With water it dissolves to an almost perfectly clear 
odourless solution. 

2. Blood albumin. The freshly caught blood is spread out in shallow 
dishes until the separation into fibrin and the pale yellow serum is complete. 
Ihe serum is treated in the same way as is the egg albumin except that it 
IS not diluted with water. It is more difficult to prepare this substance 
01 a pure state than is the case with egg albumin. In order to purify blood 
•ilnuimn it is necessary to filter the fresh serum through charcoal, to precipitate 
tile albumin with lead acetate and to decompose the washed precipitate with 
tevrhon dioxide. When the decomposition is complete, the whole is allowed 

e settle, the excess of lead removed by saturation with Ha S and the filtered 
0 ution evaporated in the manner described above. 


2 * 
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Albumin paper. 


According to Gorman Patent 137 994 and 143 042 a colourless, odourless 
and tasteless proteid may be prepared from blood serum by treatment with 
H 0 . The impure pro teids are salted out from the serum dissolved in ammonia 
and the solution treated at the boiling temperature with hydrogen peroxide. 

Blood albumin; 

W. Eugon Seoriiann, Stuttgart, Gennuny 

The English Patent 10 227 (1905) protects a method for the preparation 
of colourless albumin from a solution of either egg- or serum albumin solution. 
The solution is first treated with hydrosulphites and then with an organic 
acid sucli as acetic acid. The product is made neutral by the addition of 
sodium acetate and then of ammonia and the solution finally evaporated 
to dryness. 

Albumin is used as a mordant in dyeing and calico printing, for the pre- 
paration of photographic papers, as a clearing material for cloudy solutions 
and in the manufacture of gums and other adhesives. 

Albumin preparations : 

W. Eugen Soeinann, Stuttgart, Germany. 

Albumin paper see Photographic papers. 

Alcho. A term used to denote a substance containing aluminium carbonate. 
It occurs in the form of a white loose powder slowly soluble in cold diluted 
acids, more (piickly on heating with development of carbon dioxide. It is 
used medicinally and possesses a faint earthy taste. 

Alcohol (Ethyl alcohoi., Spirits of wine). The raw materials used in 
manufacturing spirits are: 

1. alcoholic materials, like wine, wine residues, beer etc.; 

*• 2. materials containing sugar, like sugar beet, molasses and sweet fruit; 

3. materials containing starch, like potatoes and corn. 

When alcoholic material is used spirits are produced by distillation, whik^ 
for materials containing sugar the sugar must be converted into alcohol 
by fermentation before distillation. When the raw material is starch it must 
be first converted into sugar (generally by diastase, more rarely by boiling 
with dilute acids), the sugar is then fermented and the alcohol separated 
by distillation. The preparation of alcohol from starchy materials 
will be described: this includes the details of the manufacture from sugar 
and alcoholu; materials; slight differences in the processes will be considered 
at the end of the article. 

In the preparation from potatoes the latter are carefully washed in special 
potato-cleaning machines and then steamed until soft so as to obtain the 
starch in a form which lends itself readily to conversion into sugar. This is 
usually carried out in the so-called Hciize-apparatus, shaped like an inverted 
cone. The potatoes are boiled with steam at a pressure of 2 — 3 atmospheres 
and are then pressed — also by steam — through a sharp grid into the mashing 
can. Ihe potatoes are not yet sufficiently crushed, they are ground further 
either by a kind of shredding machine in the mashing pan or by a miU acting 
between the Henze-steamer and the mashing pan. The malt (q. v.), already 
crushed, has been, as a rule, added previously so that during the process of 
crushing the potatoes they become well mixed with it. The diastase of the malt 
causes the conversion of the potato-starch into sugar in about half an hour ; 
the most favourable temperature is 55®. Formerly a temperature of 65° had 
to be applied so as to kill the bacteria always present which were detrimental 
to the process of fermentation; this end is now better and more conveniently 
attained by adding a little hydro fluoric acid or sodium fluoride. The fermented 
mash is cooled water and air to 16—200, and artificial yeast (see Yeast) 
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is added. This converts the sugar into alcohol (the fermenting vats are of 
pine or oak). As in Germany the manufacturer of alcohol is taxed according 
to the size of the mashing room it is customary there to mash very thickly 
/ 20 — 26^^ Ball.). The temperature during fermentation rises about 17®; 
liefore the beginning it should not be above 14® as a temperature of more 
than 31® hinders the fermentation. Fermentation takes place in three phases 
(preliminary-, chief- and post-fermentation); a distinction is made between 
rising, falling and rolling fermentation. 1 kg starch flour yields theoretically 
71.6 literpercent alcohol^); in practice the output is 48 — 63 literpercent. 

For the quick refractometric method of determination of alcohol in 
potato-mash sec Dr. A. Frank-Kamcnetsky. 

<^vrl Zeifi. (Germany) Prosp. Moss. 160. 

In the manufacture of alcohol from grain the largest output is obtained 
with maize. Barley, rice and oats are much used while rye is of less importance, 
(bain spirits are mostly produced as products in making yeast (see Yeast). 
Maize is boiled unground in Henze steamers fitted with stirrers, then steamed 
iiiuhT higher pressure and finally blown through a sharp grid valve into 
the mashing pan; the other kinds of grain are treated similarly. 

The conversion of starch into sugar by dilute acids is used in Southern 
districts where the production of malt is difficult. 

The alcohol must be obtained from the fermented mash by distillation. 
It contains 8 — 13 % by vol. of ethyl alcohol and more or less ainyl alcohol, 
proj)yl alcohol, butyl alcohol etc. When the mash is distilled in a simple 
distilling apparatus (consisting of bulb, condenser and receiver) the product 
contains less than 40 % alcohol, a higher percentage being obtained by subse- 
<]uent rectification. The forms of apparatus now used however produce 
75—95 vol. % alcohol in a single operation. A number of these naachines^ 
work continuously, i. e. the alcohol leaves the apparatus on one side, the 
s])CMt mash on the other and fresh quantities of fermented mash are introduced. 
In using automatic apparatus the mash enters continuously, regulated automati- 
cally by the progress of distillation. A scale indicates whether the amount 
of inasli entering is correct; at the same time the quality of the alcohol is 
controlled by an alcoholometer and thermometer while a part of the out- 
running mash is distilled in a testing apparatus which indicates by an alcoholo- 
nuTer the slightest traces of alcohol possibly still present. The principle 
of a new rectification apparatus, also suitable for alcohol, is protected by 
(ierm. Pat. 140824, described in the article Benzene. 

Crude alcohol besides 75 — 95 % by volume of ethyl-alcohol and water 
contains other alcohols, and also furfurol, acetal, acetic ether etc.; of these 
aniyl alcohol together with propyl alcohol and butyl alcohol and the esters 
of ac(hic acid, caproic and capric acid are called fusel oil (q. v.). They are 

moved by a process of refining the crude spirit. This is usually done in 
s])ecial works, where the crude spirit is filtered through charcoal to remove 
tlie fusel oils and is then very carefully rectified. The product is spirits of 
'' ine and fine spirit (96 vol. % alcohol, prime spirit (94 — 96 vol. %) second 
spirit (90 — 92 vol. %) while the other fractions are used for other purposes or 
arc rectified again with a fresh portion of crude spirit. When drinkable spirits 
made the raw material is only filtered as rectification removes the desired 
aromatic ingredients. 

Other methods of refining the crude alcohol, such as treatment with soda, 
haio, bleaching powder, permanganate etc. are of less importance. By repea- 
fedly shaking spirits with fatty oils they can be entirely freed from fusel oils. 

') hiterpercent alcohol is the product of the number of liters and tho volume- 
pproentago of the spirits. 
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AluCOHOL. 


Ilges has constructed a special automatic apparatus which renders possible 
the direct production from the mash of fine spirit free from fusel oil. 

Materials containing sugar which are used in the manufacture of alcohol 
are 1 . beet (sugar beet) , 2. molasses, and 3. sweet fruit. Beet root is comparatively 
little used. Fermentation of raw beet sugar necessitates its inversion; either 
the pulp or better still the juice of the beet is fermented. In the latter case 
the beet slices (see “Sugar”) are treated with warm acidulated water and the 
juice fermented by yeast or fermenting beet juice. Molasses (q. v) are rarely 
used now since methods of extracting the sugar have been discovered. It is 
diluted with 3—4 times the amount of water and then accurately neutralised 
or slightly acidified with acids; fermentation is effected by artificial yeast. 
Sweet fruit, like cherries, plums etc. are only used on a minor scale; they are 
squashed, the juice left to ferment of itself and then distilled. 

Concerning the use of the residues see “Distiller’s wash” and “Feeding 
stuff”. 

Attempts to obtain alcohol from wood have lately become important. 
The process given by Classen and protected by Germ. Pat. 111868, 118540 
121869, 123911 and 130980 is likely to become of practical value. The wood 
is used in the form of sawdust. It is treated with SOg + SO4 or with SOg 
only, or the moist sawdust is subjected to the action of vapours of sulphuric 
anhydride. The inversion to dextrose is carried out in rotating cylinders lined 
with lead; the inversion is more rapid when the cylinders are previously 
heated to 30 — 40^ C. The process was then improved by adding more moisture 
to the sawdust and heating the reaction product obtained with SOg in closed 
vessels to 125 — 135^0. The most recent of the patents enumerated uses 
aqueous sulphurous acid to moisten the sawdust. 100 kg wood (with 25 — 30 % 
moisture) are mixed with 30 — 35 kg aqueous sulphurous acid (9 % anhydride) 
and the whole (which has a moist appearance) is heated (with stirring) to 
120 — 145® C. in digestors. After 60 minutes the free SOg is blown off and the 
remainder boiled with HoO when the last traces of sulphurous acid disappear. 
After neutralisation the liquid is ready for fermentation which is said to take 
place as smoothly as if a pure solution of dextrose were under treatment. 
According to the patent 25 % of the wood is (extracted and 90 % of this is 
capable of fermentation. As the alcohol produced has a more agreeable taste 
and smell than that obtained by the old method this new process appears to 
possess various advantages. Classen has now added another patent 161644 to 
the otlu'Ts. It is based upon the fact that woods containing tannic acid yield 
solutions which do not ferment well. The substance hindering the fermentation 
is gallic acid, and this should he separated as an insoluble metallic compound 
before beginning the process of fermentation. — The Lignum Inversion Co., 
Chicago, in applying Classen’s method uses 3 % sulphurous acid and heats 
with steam under a pressure of 7 atmospheres to 165® C. 100 kg wood give 
about 12 litres pure alcohol. 

The process of obtaining alcohol from saw dust due to Simonson, Christiania, 
which he described at the V. International Congress for applied Chemistry, 
Berlin 1903, is similar to that of Classen: The wood is treated with dilute 
Ho b04 under pressure and the sugar obtained is fermented. About 25 % sugar 
18 produced and in the most successful experiments 78 % of this was fermented. 

r» V production of alcohol from wood are Russian 

Pat. 6319 (1902) and Amer. Pat. 745675. 

According to the Fug. Pat. 21824 (1901) alcohol is produced from faeces 
.to dry distillation absorbing the gases arising in HoO 
and distilling the nuxture obtained; the residues from the last distillation 
. 0 ^®od to absorb the gases. — Dornig and Praetorius have made 
practical experiments with the process which have proved the observations 
false and the process hopeless. 
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Attempts to produce alcohol synthetically are increasing in number. Accor- 
ding to Germ. Pat. 149893 ozone is allowed to act on a mixture of acetylene and 
hydrogen at a low temperature. The proportions are 4 vol. H to 1 vol. CoHg, this 
mixture being brought together with excess of ozone in specially cooled apparatus. 

The out flow of dried gases is regulated in such a way that only pure oxygen 
( scapes. This reaction is said to produce alcohol easily, rapidly and to give 
a good yield. 

Another method for the synthetic production of alcohol is that of Arachb- 
quenne; a mixture of metallic oxides which is kept secret, is heated in electric 
furnaces with powdered coke; a carbide, called ethylogene, is formed which 
yives ethylene when treated with HgO, (as acetylene is formed from CaCg). 
Tiu^ exhausted residue is dried, mixed with coke and replaced in the electric 
furnace to produce more ethylogene. The ethylene gas is collected in a gaso- 
meter and then pressed through H2 SO4 forming ethyl-sulphuric acid; the 
latter when treated with H2O gives alcohol. Theoretically 50—53 kg coke are 
necessary to produce 1 hi alcohol; in practice at present 200 kg coke are required. 

Fine spirit is not absolute alcohol; in order to obtain the latter the spirit 
lias to be treated with dehydrating agents like calcium chloride or quick- 
lime and then be redistilled. 

Germ. Pat. 142502 is interesting; it deals with the production of absolute 
alcohol by adding benzene to the alcohol and fractionally distilling. The 
process is based upon the fact that a mixture of alcohol, water and benzene 
})ass(;s over in a constant proportion and boils at a lower temperature than 
any one of the constituents of the mixture; another observation made was 
that a mixture of alcohol and benzene also passes over in a constant ratio 
and boils at a lower temperature than either of the constituents, though at 
a higher temperature than required for a mixture of these two substances 
w ith water. When therefore a mixture of these three substances, say 90 — 99 % 
alcohol with benzene is subjected to distillation the first to pass at the lowest 
tom})eratiire is a mixture of alcohol, benzene and water until all the water has 
disappeared. Then follows the mixture of alcohol and benzene until all the 
latter has passed over. The residue is now pure alcohol, free from water or 
benzene, which is then redistilled. One operation therefore suffices to reach 
absolute alcohol from common spirits. In stead of benzene, chloroform, carbon 
tetrachloride, carbon disulphide, benzine and other liquids of comparatively 
lov boiling point may be used. — 

A new product is alcohol for lighting purposes. It is prepared according 
to Germ. Pat. 156988 by mixing about 70 — 95 vol. of 90 % alcohol with 
0— :K)voI. of purified benzene oil boiling at 160 — 180^0. This spirit burns 
in a lamp with a wick and gives a bright flame depositing no soot. No 
ineandesc-ent mantle is used. Nevertheless it will hardly be able to compete 
^\ lth petroleum, although it is considerably cheaper and less dangerous than 
common alcohol. The disagreable smell of benzene is covered by adding about 
“ % methyl alcohol. 

Alisolute alcohol is a clear colourless liquid, of agreeable smell and sharp 
iHirning taste. S. G. (at O^C.) 0.80625, at 15^ C = 0.79367. It absorbs 
Hater from the air and from organic and inorganic substances. A contraction 
in volume occurs when it is mixed with HgO. 

the following table by Tralles gives the S. G. and the contents in vol. % 
ni a((ueous alcohol at 15.56° C. 

luALLE^s araeometer indicates the vol. % directly. A spirit of 70 % Trail, 
contcains 70 vol. % absolute alcohol in 100 parts of liquid at the standard 

emperature of 15.56° C. From the vol. percent the weight percent is calculated 
nip spirit under investigation by the S. G. of absolute 

0 lol (0,7937) and multiplying the quotient by the vol. % contents. 
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Alcohol 
vol. % 

S. G. 

Alcohol 
vol. % 

S. G. 

Alcohol 
vol. % 

S. G. 

Alcohol 
vol. % 

S. G. 

1 

0.9976 

26 

0.9698 

51 

0.9315 

76 

0.8739 

2 

9901 

27 

9679 

52 

9295 

77 

8712 

3 

9947 

28 

9668 

53 

9255 

78 

8685 

4 

9933 

29 

9057 

54 

9254 

79 

8658 

5 

9919 

30 

9640 

55 

9234 

80 

8631 

6 

9900 

31 

9634 

56 

9213 

81 

8603 

7 

9893 

32 

9022 

57 

9192 

82 

8575 

8 

9881 

33 

9009 

58 

9170 

83 

8547 

9 

9869 

34 

9596 

59 

0148 

84 

8518 

10 

9857 

35 

9583 

60 

9120 

85 

8488 

11 

9845 

30 

9570 

61 

9104 

86 

8458 

12 

9834 

37 

9559 

62 

9082 

87 

8428 

13 

9823 

38 

9541 

63 

9059 

88 

8397 

14 

9812 

39 

9520 

64 

9036 

89 

8365 

15 

9802 

40 

9510 

65 

9013 

90 

8332 

16 

9791 

41 

9404 

66 

8989 

91 

8299 

17 

9781 

42 

9478 

67 

8965 

92 

8265 

18 

9771 

43 

9461 

68 

8941 

93 

8230 

19 

9701 

44 

9444 

69 

8917 

94 

8194 

20 

9751 

45 

9427 

70 

8892 

95 

8157 

21 

9741 

46 

9409 

71 

8867 

96 

8118 

22 

9731 

47 

9391 

72 

8842 

97 

8077 

23 

9720 

48 

0373 

73 

8817 

98 

8034 

24 

9710 

49 

9354 

74 

8791 

99 

7988 

25 

9700 

50 

9335 

75 

8765 

100 

7937 


« Apart from its use as a beverage alcohol is largely used as a solvent, in the 
manufacture of chloroform, chloral, iodoform, etc. etc., as fuel and for lighting 
(incandescent spirit light). See also “Alcohol*Hydrocarbon-Gas”. 

On the denaturing of alcohol see “Denatuiung”. According to Germ. Pat. 
130387 denatured alcohol is produced directly from sugar -containing mash 
by means of alcoholic and amyl-alcoholic fermentation. It is advantageous 
to begin with the amyl-alcoholic fermentation the most favourable temperature 
l)eing 35 — 40^0.; microbes found in waters containing lime are used, CaCOf, 
being added during the process to neutralise the volatile fatty acids formed. 
After the amyl-alcohoUc fermentation the substance is cooled to 24® C. 
and yeast added in the usual manner. When this fermentation is complete 
the mash is distilled until exhausted producing 90 vol. % alcohol which can 
replace petroleum in its various applications. — The process is probably not 
profitable. 


Country and Name 
of alcohol 

S. G. 
at I5« C, 

Methy- 
lene and 
its impuri- 
ties 

Pyridine 
or Pyri- 
dine bases 

0/ 

10 

Acetone 

0/ 

10 

Ben- 

zene 

Vo 

Ben- 
zene 
(impu- 
re) “/o 

France 

. 0.832 

7.5 

_ 

2.5 


0.5 

Germany (denat.) 

. 0.819 

1.5 

0.5 

0.5 



— 

“ (motor sp.) 

. 0.825 

0.75 

0.25 

0.25 

2.0 

— 

Austria (denat.) 

0.835 

3.75 

0.5 

1.25 





“ (motor sp.) 

. 0.826 

0.5 

trace 

trace 

2.6 

— 

Russia 

. 0.836 

10.0 

0.5 

5.0 





Italy (motor sp.) 

. 0.835 1 

6.5 

0.65 

2.0 

1.0 



Switzerland 

. 0.837 

5.0 

0.32 

2.2 


— 


The following table, taken from the “Zeitschr. d. Vereins deutsch. Ing.”, 
contains information on the means used for denaturing spirits in various 
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countries; the figures are partly the results of chemical analyses as the procesess 
used are kept secret in many countries. 

Test: The amount of pure alcohol is determined by the spec, gravity. (See 
tiie table given above). Free acids are determined by titration with alcoholic 

^ or ~ x potassium hydroxide using phenolphthalein as indicator. To test for 
10 "0 

aldehyde lOOccare distilled off from 500 cc and an aqueous solution of m-pheny- 
leiie diamine hydrochloride is poured into the distillate; a yellowish red layer 
forming between the two liquids in 2 to 4 minutes indicates the presence of 
aldehyde. Furfurol is tested for by adding 10 drops aniline and 2 drops HCl 
to 10 cc spirit: In the presence of furfurol the mixture turnes pink. Easily 
oxidizing substances (aldehyde, furfurol etc.) are tested by Barbet’s per- 
manganate method : 50 cc of the alcohol brought to 95 vol. % is mixed with 
1 cc of a 0.02 % solution of KMn04. The time required for decolorization 
varies according to the amount and nature of the impurities. According to 
the Swiss alcohol regulations, alcohol (for beverages) which is decolourized 
in less than 30 minutes and prime spirit which is decolorized in less than 
15 minutes are to l)e rejected; fine spirits decolorizing in less than one minute 
are to be regarded as unsatisfactory. 

In testing for fusel oil the greater part of the spirit is evaporated at a low tem- 
perature, and the remaining liquid shaken with an equal volume of ether. When 
tli(* other solution is evaporated the fusel oil remains and is reeognisedby its smell. 

The fusel oil is determined by means of the Rose-Herzfeld-Windisch 
apparatus : By means of the S. G. the alcohol is determined accuratly, than 
the spirit is brought to a concentration of 30 vol. % alcohol according to 

the following formula X = ^ where v is the volume percent, and 

o 

X the number of cc H2O to be added for each 100 cc alcohol; after diluting 
the S. G. must be again determined and if necessary corrected by addin<y 
alcohol or water until the S. 0. at 15 « C. is 0.96564. The shaking apparatus 
IS filled with the purest chloroform at 15® C. to the mark 20; then 100 cc of the 
.10 vol. % spirit and 1 cc Hg SO4 (S. G 1.2857) are added, the apparatus closed 
shaken round well 150 times. It is then placed in water at 15 ^ and made 
to float in a vertical position. The increase in height (at 15 «) after the CH 
( r, has settled is read. The amount of fusel oil contained is then found by the 
following table based on observations made by the Imperial German Health Office. 



r ^*27 0.1790 0.38 0.2520 0.49 0.3249 0.60 0.3979 

'•U() 0.0398 0.17 0.1127 0.28 0.1867 0.39 0.2586 0.60 0.3316 0.61 0.4046 

0 8 <>d923 0.40 0.2652 0.61 0.3382 0.62 0.4111 

no Aril 0-41 0.2719 0.52 0.3448 0.63 0.4168 

010 AAl ^*^^26 0.31 0.2055 0.42 0.2785 0.53 0.3514 0.64 0.4244 

011 0.32 0.2122 0.43 0.2851 0.54 0.3581 0.65 0.4310 

• U.U729 0.22 0.1459 0.33 0.2188 0.44 0.2918 0.55 0.3647 0.66 0.4377 

^ Spirit Rectifying and Distilling apparatus: 

liar Haenig & Comp., Heidenau-Dresden, Germany (see front part advt.). 

Heckmann, Berlin SO. 16, Briiokenstr. 6b (see advts.). 

Denaturing preparations for spirits: 

Hugo Blank, Berlin W. 36. 
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Alcohol-hydrocarbon gas. A new gas for ligliting and motive purposes 
which is obtained from alcoliol and hydrocarbons; it represents a new use 
for spirits which are b(‘ing produced in quantity exceeding the demand. 
The alcohol-hydroca.rl)on gas which was introduced by F. Pampe requires 
only very simple apparatus for its production 

Of the two raised reservoirs one contains spirits of about 10 — 75 % (by 
weight) the other petroleum or brown-coal oil or some other mixture of hydro- 
carbons. Both liquids flow together out of the reservoirs into a retort down 
the walls of which they trickle. In this way the liquids are warmed in the 
upper j)ortion of the retort and are volatilized when they reach the bottom. 
They then pass into the retort ])reviously heatcnl to a red heat, where the 
actual vapourization takes place. In the usual procedure the volatilization 
takes place leaving no residue. 

The Cerm. Pat. 144371 taken out by the inventor Fr. Pampe protects a 
process for producing lighting- and heating gas by the joint evaporation 
and volatilization of different commeieial products consisting of sparingly 
miscible or non-miscible combustible liquids especially of dilute alcohol (60 to 
90 %) and petroleum. The construction of the retorts is also described in the 
j)atent. 

Alcohol-hydrocarbon gas has a S. C. of 0.7 and contains 25 % or more of 
heavy hydrocarbons, 20 % CO, 25 — 30 % H and 20 — 27 % CH,j. The great 
purity of the crude gas makes purifying practically superfluous. It is calcu- 
lated that 1 cl), met. of the gas costs al)Out 2% d, 100 candle power per hour 
u.sing an argand burner costs 1 d; in a two-hole burner ’pj d, in an incandescent 
burner d. This gas may perhaps prove of use for small installations. 

The heating and lighting gas, which is protected by the Germ. Pat. 141066 
and 146120, is prol)ably similar to this. Alcohol is decomposed, in this process 
by red hot coal in a water gas generator. 

Alcoholic Beverages. Spirits are generally obtained by diluting alcohol 
with water so that the lesulting product contains 25 — 45 % of alcohol. The 
different beverages arc' classed according to the original substance from which 
the alcohol is made into whisky, malt spiiats, potato bnindy, cherry brandy, 
plum brandy and French brandy distilled from the grape. These brandies arc 
})repared by distillation over fruit as is the case w ith cherry brandy &c. or by 
the addition of sugar and essential oils to the alcohol. The different varieties 
again are mixed with characteristic substances, such as oenanthylic ether &c. 

I he t(M’m arrac is a collective name for a class of beverages made in the 
tropics by fermentation of rice and the cocoa nut palm. The material is made 
into a mash, h'rmented and then distilled, after wdiicli it is rectified once or 
twice. 

The alcoholic contents of genuine arrac usuallv vary l>etween 48 and 54 % 
(by weight). Rum is made from the molasses of'eane'sugar, by diluting with 
vater, fermenting, distilling and finally rectifying the product which then 
^ntains between 65 and 73 % (by weight) of alcohol. (Jognac or genuine 
r rench brandy is obtained by the distillation of wine. The product acquires 
the characteristics peculiar to this beverage only after being stored for a con- 
siderable time in oak barrels. The contents of alcohol vary from 40 to 60 % 
(by weight). 

Arrac, rum and brandy are often artificially prepared. Liqueurs and bitters 
are usually mixtures of alcohol and water with sugar, essential oils, vegetable 
extracts essences etc. The contents of alcohol vary between 20 and 60 %. 
ihe method of preparation is most varied and the number of different kinds 
IS very great. Ihe so-called cremes have the largest percentage of sugar. 

All spints must be stored for a considerable time before they reach their 
prime. Various methods have been proposed for hastening the process of 
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maturing, the best of which seems to be the treatment with ozone. Apparatus 
for the production of ozone for the artificial ripening of spirits and wines have 
been devised and equipped by Siemens and Halske, 

The colour of spirits is improved by the addition of a solution of carmine, 
tincture of whortleberries and raspberry colouring for red; aqueous solution 
of indigo carmine for blue; mixtures of the above for violet; curcuma, (turmeric) 
for yellow; chlorophyll for green and burnt sugar for brown. 

Further details on the manufacture of spirituous beverages will be 
found under Alcohol. 

Aldehyde. Organic com})Ounds containing the group H - C - 0. They 
r(^sclnble the ketones in that they possess the carbonyl group CO. 

The aldehydes may be regarded as intermediate products in the oxidation 
of alcohols to acids. They may be prepared by the oxidation of alcohols or 
l)y the distillation of calcium formate with the calcium salt of a monobasic 
fatty acid. 

The most important aldehyde is acetaldehyde, CII3. CHO known simply 
as aldehyde. For its preparation a mixture of 3 parts 90 % alcohol and 4 parts 
(•on(!. Ho SO4 are poured with constant cooling into a solution of three parts 
of yjotassium bichromate in 12 parts of water. This mixture is then slowly 
lieated on the water bath and the vapours condensed. The distillate consists 
of a mixture of aldehyde, alcohol and acetal. This distillate is warmed to 50*^ 
and the vapours conducted into cold ether. Into the ethereal solution ammonia 
is i('d and a crystalline })recipitate of the aldehyde ammonia forms which is 
separated, drained, and then decomposed by distillation with dilute Hg SO4. 

Technically it is prepared from the first runnings in the distillation of spirits 
and is separated from these by fractionation. 

Tlie method described by the French Fat. 329522 is of interest. According 
to this halogen substitution products of fatty and aromatic compounds a?e 
converted into aldehydes by the action of the derivatives of the alkali metals 
of formaldehyde. For example, ethyl chloride treated with the theoretical 
amount of the sodium derivative of formaldehyde gives acetaldehyde and 
Na Cl. 

Aldehyde is a colourless, mobile, very inflammable liquid. S. G. 0.801 
(at 0”) B. P. 20® . 8. Mixes with water, alcohol and ether, and is readily 
converted by oxidation into acetic acid. Under the influence of traces of 
different substances aldehyde passes into a polymeric form, j^araldehyde, 
which is used in medicine. 

Aldehyde is used in various synthetic processes, and also for the silvering 
of mirrors. It was formerly employed in the manufacture of the dyestuff 
aldehyde green, now no longer used. 

Dther aldehydes of importance are: — bcnzaldehyde, chloral, formaldehyde, 
oenanthylic aldehyde and acrolein. The last-named is described under Glyce- 
rine, the others under the respective articles. 

Ahlol. (OXYBUTYRIC ACID.) CH., . CH(OH) . CHg . COH. This compound 
results from the action of cold hydrochloric acid upon aldehyde, the reaction 
being one of condensation. It is a thick, colourless, odourless fluid, miscible 
with water and alcohol. B. P. 90 — 105®, decomposing at 135®. It has been 
recommended as an hypnotic. 

Aleuromcter see Fluor. 

Alfenide see Nickel alloys. 

^ given to a solution of aluminium subformate, Al (OH) 
dr acid clear fluid, S. G. 1.108 at 15® contains 15—16 %of 

‘ solution should possess 3 — 4 times the astringent and dis- 
tant power of the officinal aluminium subacetate. 



28 


Alizarin. 


Alizarin (Madder) is 1.2-Dioxyaiithraquinone 

,/ V' '/ |0H. 


CO 


occurs in the madder root (see also under Vegetable dyes). It is manufac- 
tured tecjhnically almost exclusively by melting anthraquinonemonosulphonic 
acid and ciaustic alkali. The different phases in the manufacture are 

I. Oxydation of anthracene to anthraquinonc (with reference to this see 
article on Anthraquinone). 

Tl. Convertinj]j anthraquinom^ into the monosulphonic acid. 

III. Fusion of the monosulphonic acid with potash. 

For the manufacture of antliraqiiinonomonosulphonic acid, equal weights 
of anthraquinone and sulphuric acid (the latter containing also 40—50 % SO 3 ) 
arc gradually heated to 160^ in an enamelled vessel fitted with a stirring 
arrangement. Tlu^ mass is then allowed to flow into boiling water, in which 
the monosulphonic acid, whiesh lias been fornuHl, dissolves. The liquid is 
forced through a filter press to remove the unaltered anthraquinone. The 
filtrate is neutralized vitli sodium hydroxide and on cooling the sodium 
salt of anthracjuinonemonosulphonie acid crystallizes out almost quantitatively. 
(The rest is obtained by evaporation.) The new French Pat. 332709 and 
333144 treat of the addition of mercury in this process by which sulpho-acids 
are ohtaiiied which do not contain the SO3H group in m-position (relative 
to th(} ketone-group), but only in the o-position. 

Anthra(]uinonesulphonic acid is then converted into Alizarin by fusing it 
with caustic soda. 'Ilie reaction corresponds to the equation 

C 6 li 4 ' ^^ 6 ^ 3 . S 03 Na + 3 Na OH 

\co/ 





. (ONa)^ 1 - Na^SO;, + H^O + 


Formerly the fusion was carried out in open vessels by which the oxygen 
of the air brought about the oxidation (i. e. the conversion of the nascent H into 
H.^0) but now it is usually carried out under pressure in autoclaves — KCIO^ 
being added as an oxidizing agent. The mixture, with which the autoclaves 
are filled, consists of 100 parts of the sodium salt of anthraquinonemono- 
sulphonic acid, 250 — 300 parts of sodium hydroxide, 12 — 14 parts potassium 
chlorate, and an amount of HgO necessary to liquefy the whole mixture. 
The digester, w^hich is provided with a stirring arrangement so that the mass 
is kept constantly stirred, is then closed and heated to 180® C. for two days. 
The fused mass is then dissolved in HgO and supersaturated with a mineral 
acid wdierely alizarin is precipitated as a yellow precipitate which is then 
mixed with 11 fi to a paste containing 20—50 % of the dyestuff and in this 
form it is brought into the market. 

Of late years alizarin has also been obtained electrochemically by the 
action of the current on a mixture of anthraquinone and fused caustic alkali. 

According to t he Germ. Pat. 186526 alizarin is obtained from anthraquinone, 
not by means of the sulpho-acid, but by fusing the anthraquinone and con- 
centrated caustic alkalies with a small amount of nitrates, chlorates, chromates, 
or in the presence of air. The method is as follows:— 20—30 kgs NaClO^ 
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arc dissolved in 100 litres HoO, 300 kg of a mixture of KOH and NaOH are 
added and then while the inass is being stirred 100kg anthraquinone are added, 
riie whole is then heated in an oil bath up to 200'’ until the oxidizing agent 
disappears, then poured into HgO. A current of air is then passed through 
the solution to convert any oxyanthranol, which may have been formed, 
into anthraquinone, and then the alizarin is precipitated by means of milk 
of lime. The whole is then filtered and the precipitate decomposed with HCl 
and after separating the residue the alizarin is freed from anthraquinone by 
means of dilute lye. Na202, BaOg, MnOg, Pb02, HgO etc. may be used instead 
of NaClO.-j. The alizarin thus obtained is purer than that formed in the 
ordinary way and gives particularly beautiful bluish-red shades. 

l'’or further information concerning alizarin see article on Oxyketone- 
dyes. 

Alkalimetry. For convenience’ sake by general accord so called Normal 
.'solutions are used in volumetric-analysis, more especially in alkali- 
imdry and acidmetry. Normal solutions are those which contain in 1 liter of 
liipiid, 1 equivalent of the substance in grms, that is, that amount of substance 
\vhi(;h is equivalent to 1 atom hydrogen (expressed in grms). More seldom, 
t mol H is taken as the standard, in which case the following figures are to Ix^ 
doubled. 

I . Hydrochloric acid (Muriatic acid). HCl. M. Wt. = 30.5. 

To prepare the normal solution, pure HCl must be diluted until sp. gr. 
is aiiout 1.020 and then a small amount of freshly heated chem. pure soda 
is titrated with it. The exact strength of the acid can in this way l)e determined, 
and it is easy to dilute it to the riglit strength. Anotlier titration is theii 
made as a control. For the preparation of this and all other normal solutions 
distilled water must he used at a temperature of 15^. 

II. Oxalic acid C.2H2(), f 2 fLO. M. VVt. 120. 

To make a ’/^^-normal solutioii, 6.3 grms Oxalic acid are dissolved in 
distilled H,/) and then filled exactly up to the mark of the 1 litre measuring 

flask. 

UT. SULEHURIC ACID 11280^. M. Wt. = 98. 

1 0 prepare the solutions, the sp. gr. of the cone, acid is first determined 
by means of an hydrometer, and from this the strength of the acid can be 
found. It is then diluted with the exact amount of water, hut so that the 
mixture remains a little stronger than the required normal solution. It is 
tlien titrated wdth a normal alkaline solution (which has been controlled l)y 
an oxalic acid solution) and the acid diluted further with water, according 
to the results of this titration, until the required strength is obtained. 

IV. Ammonia. NH3. M. Wt. 17. 

The strength of the ammonia on hand is determined either by titration or 
by finding the S. G. It is diluted accordingly and controlled by another 
iitration. 

V. Caustic potash. (Potassium hydroxide). KOH. Mol. Wt. = 56. 

lo prepare a ^/i^n. caustic potash solution, about 8 grms caustic alkali 

are dissolved in 250 cc H2O, heated almost to boiling point, and then baryta 
vLi er IS added by drops until no further precipitate is formed; the excess 
f - then removed by a solution of potassium carbonate, until no 
'n her ruction takes place on the addition of baryta or of carbonate. The 
iquid IS then quickly filtered and diluted with water up to 1 liter. The strength 
« ( etcrmined by means of a normal acid and the necessary water added. 
- 238 tetraoxalate. KHC2O4 + + 2 H2O. Mol. Wt. 

®^lt has been much recommended of late years as a volumetric reagent 
IS obtained by mixing a hot saturated solution of potassium oxalate with 
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the exact amount of a hot saturated oxalic acid solution. The salt is purified 
by recrystallizing two or three times from boiling water, and if the hot solution 
is quickly cooled and stirred, the preparation is obtained in the form of small 
crystals which have a constant composition. 

The following indicators are used. 

1. Litmus (red with acids, blue with alkali). 

2. Cochineal (yellowish red in acid, violet in alkali). 

3. Rosolic acid (yellow in acid, red in alkali). 

4. Phenolphthalein (colourless in acids (even in CO2), reddish violet in 
alkali; NH3 must not be present). 

5. Phenacetolin (bright yellow in caustic alkali; dark red in alkali car- 
bonate; golden yellow on addition of acids). 

6. Methylorange (red in mineral acids, yellow in alkali; not affected by 
COa cannot be used for titrating hot solution). 

The preparation of the indicators is described under the article Indicators; 
the determination of caustic alkalies, carbonates and bicarbonates is the 
object of alkalimetry. 

Fixed alkalies arc titrated directly with normal acids. I f carbonates arc 
present an excess of acid is added and the CO2 expelled by boiling; the excess 
of acid is then back-titrated with normal alkali. 

The same method is adoprinl w hen the carbonates have to be determined 
as well as the caustic alkalies. A second portion is in this case treated with 
barium chloride wher(d)y the carbonates are precipitated, and the alkali is 
then determined by titration in the filtered or decanted solution. The diffe- 
rence between the total amount of alkali and the caustic alkali corresponds 
to the amount of carlionate present. If Phenacetoline is employed as an 
indicator only one titration is necessary: The primary pale yellow colour 
changes into pink when all the caustic alkali has been neutralized, and then 
#lianges again into golden ytdlow when the carbonates have been neutralized. 

If the carbonates and bicarbonates of the alkalies are present at the same 
time, the total amount of alkali is first determined in one portion and in 
another portion the carbonic acid due to the bicarbonate. 

With this object the second portion is treated with a known amount (an 
excess) of normal ammonia, whereby the bicarbonate is turned into mono- 
carl )onate and at the same time a corresponding amount of ammonium 
carbonate is formed. The whole of the CO., is now precipitated with barium 
chloride and the excess of NH.j in the filtrate is determined by means of normal- 
acid. This amount is subtracted from the amount of NH3 added, and th(i 
amount which remains corresponds to the bicarbonate present. 

Acids are titrated in the same manner as the simple caustic alkalies. 

Alkalimetry and acidmetry are only branches of volumetric analysis; for 
information concerning the necessary apparatus see article on Volumetric 
analysis. All factories for the preparation of chemicals for analysis manu- 
facture normal solutions of all kinds and concentrations. 

Alkali process, electrolytical. See Chlorine-alkali process, electrolytical. 

Alkaloids. Nitrogenous vegetable matters of basic character which form 
salts with acids. There are volatile and non-volatile alkaloids; most of them 
contain 0, only a few contain no oxygen; most of them are very powerful 
drugs: many are ranked amongst the most deadly of poisons. 

The method of preparation differs, according as the alkaloid is volatile 
or non volatile. 

Volatile alkaloids. The finely-cut plants are steeped in HnO, strong 
alkalies (NaOH, Ca (0H)2, or NagCOg) are added and the whole is then 
mstilled with steam. The distillate is neutralized with HCl, evaporated to 
dryness and the alkaloid salt extracted from the residue with ether- alcohol. 
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After the evaporation of the solvent the salt is dissolved in H2O, decomposed 
with KOH, and the free alkaloid extracted with a suitable solvent (generally 
ether). The alkaloid obtained after the evaporation of the solvent can be 
further purified by fractionation in vacuo. 

Non-volatile Alkaloids. The finely divided plants are boiled with acidulated 
water filtered, the filtrate treated with excess of alkali (NaOH, KOH, NagCO^ 
Ntl^, etc) and then extracted repeatedly with suitable solvents, such as 
ether, petroleum ether, amyl alcohol, chloroform, benzene etc. The impure 
alkaloid bases are then obtained from these extractions after the solvent 
has been evaporated. The alkaloids are purified by dissolving them in very 
dilute acids, filtering through animal charcoal to decolorize the solution, adding 
KOH to the filtrate and then extracting with some solvent. 

d’ho most important alkaloids are treated separately in the present vol- 
Liine, for instance. Aconitine, Atropine, Brucine, Caffeine, Cocaine, 
Colchicine, Cocaine, Curarine, Delphinine, Digitaline, Emetine] 
Hyoscyaminb, Physostigmine, Piperine, Quinine and the Cinchona 
alkaloids (Cinchonine &c), Solanine, Strychnine, Theobromine, 
Vekatrine. Under Opium and Opiumalkaloids will bo found Codeine, 
Morphine, Narcotine, Narceine, Papaverine and Tiiebaine. 

Separation of the alkaloids. 

A. ' Ether extracts from neutral or acid aqueous solutions 

Digitaline, Colchicine, Picrotoxin. 

Of these Tannin 

a) precipitates Digitaline, Colchicine 

b) does not precipitate Picrotoxin. 

B. Ether extracts from alkaline solutions. 

1. liquid: Coniine, Nicotine. 

2. solid; the following alkaloids which give the reactions 

a) with cold cone. Brucine, Delphinine. 

b) with hot cone. H0SO4 Narcotine, Veratrine. 

c) with cone. H2SO4 and pot. bichromate Atropine, Strychnine. 

d) with cone, phosphoric acid. Aconitine, Delphinine. 

c) further, alkaloids without one of the preceding reactions. Quinine, 
Hyoscyamine, Codeine, Physostigmine. 

^ C. Chloroform extracts from alkaline solutions. Cinchonine, Emetine, 
Caffeine, Curarine, Morphine, Solanine, Theobromine. 

VV ith regiu’d to the socalled alkaloid reagents which produce precipitates 
in all solutions of alkaloids see article on Reagents. 

Alkaloids. 

llcactions of the chief Alkaloids. 

Prom Hager’s Practical Pharmacy. 


(kor Erdmann’s and Frohde’s reagents see Reagents.) 


Alkaloid 

— 

Pure cone, 
sulphuric acid 

Erdmann’s 
Alkaloid reagent 

Frbhdo’s 
Alkaloid reagent 

Nitric Acid 
1.35 to 1.4 S. G. 

A c'onitino. 

Yellow-brown. 
After 24 hours, 
reddish-brown 

1 with a tinge of 

1 violet. After 
*48 hours, CO lourlos.^ 

Clear yellow- 
brown 

Roddish-brown 
on warming. 

Yellow-brown 
turning colourless. 

Yellowish. 
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Alkaloid 

Pure cone, 
sulphuric acid 

Erdmann’s 
Alkaloid reagent 

Frohde’s 
Alkaloid reagent 

Nitric Acid 
1.36 to 1.4 S. G. 

Atropine. 

Colourless. Some 
times brownish 

Colourless. 

Colourless. 

Alkaloid brown 
dissolving to 
colourless solution 

Berborino. 

Dirty olive-green. 

Olive-green. 

Brownish-green 
becoming brown. 

Dark browmish 
red. 

Brucine. 

Palo rose-red. 

Rod, then 
yellow. 

Rod, turning 
yellow. Colourless 
after 24 liours. 

Scarlet- to blood - 
red, then orange. 

Caffeine. 

Colourles.s. 

Colourless. 

Colourless. 

Colourless. 

Cinchonine. 

Colourless. 

Colourless. 

Colourless. 

Colourless. 

Cocaine. 

Colourless. 

Colourless. 

Colourless. 

Colourless. 

Codeine. 

Colourless. Blue 
after 8 days. 

Colourle.ss. But 
soon turning blue. 

Dirty -green, soon 
turning blue. 
After 24 hours, 
pale yellow*. 

Reddish-yellow, 
then yellow. 

Colchicine 

Deep yellow. 

Yellow. 

Yellow, then 
yellowish -green, 
finally yellow. 

Violet, later 
brownish-green, 
finally yellow'. 

Coniine. 

1 

Colourless, 

Colourless. 

Straw-yellow. 

1 

Colourless or 
yellowish, 
becoming yellow, 
finally colourle.ss. 

Delphinine | 

Brownish or 
light-brown. On 
addition of a few 
drops of bromine- 
water, a reddish- 
violot-oolour. 

Brownish. 

Reddish-brown. 
Later dirty-brown. 

Yellowish. 

Digitalino. 

Brown, reddish- 
brown, turning 
to cherry-red. 

Reddish-brown, 
later red. After 
10 — 15 hours, 
cherry-red. 

Dark orange, soon 
changing to 
cherry-red. After 
30 minutes, a 
brownish black. 
After 24 hours, 
greenish yellow 
with black par- 
ticles. 

Pale browm. 

Emetine. 

Brownish. 

Greenish-brown, 
green, finally 
reddish-yellow. 


Orange-yellow. 

Morphine. 

Colourless, On 
gently warming, 
red, then violet, 
finally dirty green. 

Reddisli, later 
brownish-green. 
On addition of 
MnOj to the 
freshly-prepared 
mixture, it turns 
gradually brown. 

Violet, green, 
brownish-green, 
yellow, and after 
24 hours, bluish- 
violet. 

Dissolves with a 
reddish-yellow, 
colour turning 
yellowish. 

Narceine. 

Brown, then j 
yellow. 

Yellow, then 
brownish-yellow. 

Yellow-brown, 
yellowish, finally 
colourless. 

Yellow. 


Alkanna. 
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Alkaloid 

Pure cone 
sulphuric acid 

Erdmann’s 
Alkaloid reagent 

Frohde’s 
Alkaloid reagent 

Nitric Acid 
1.36 to 1.4 S.G. 

Narcotine. 

Pale yellow, red- 
dish-yellow; after 
30 hours rasp- 
berry-red. 

Yellowish, then 
reddish-yellow. 
On addition of 
Mn O, to the 
freshly prepared 
mixture, yellow- 
ish-red to blood- 
red. 

Green, then brow- 
nish-green, yellow, 
finally reddish. 

First yellow, 
turning colourless 

Nicotine. 

Colourless. 

Colourless. 

Yellowish, then 
reddish. 

Yellow with 
excess of Nico- 
tine, violet to 
blood-red, finally 
colourless. 

Papaverine. 

Violet, then blue. 

Violet, then blue. 

Violet, blue, 
yellowish, finally 
colourless. 

Orange-yellow. 

Pliyaostig- 

inine. 

Yellow then 
olive-green. 

— 

— 

— 

Piperine. 

Blood-red, then 
yellowish -red. 

Pale yellow, then 
brown. 

Yellow, turning 
brown to brow- 
nish-black. After 
24 hours brownish 
with black par- 
ticles. 

Orange-yellow 
resin, turned 
blood-red by 
potash. 

Quinine. 

Colourless. 

Almost colourless. 

Colourless or 
greenish solution, 
turning green. 

Colourless. 

Solanine. 

i 

Reddish-yellow, 
turning brown 
after 20 hours. 

Pale yellow. 

Cherry-red, 
brownish-red, 
brown, yellow, 
finally yellowish- 
grey. 

At first colourless 
solution, later 
bluish tinge at 
edge. 

Strychnine. 

Colourless. Violet 
on addition of a 
small crystal of 
KjCr, 0; 

Colourless. With 
addition of MnO, 
violet-red, then 
dark red. 

Colourless. 

Yellow. 

Thobaino. 

Blood red, later 
yellowish-red. 

Blood-red, iater 
yellowish-red. 

Red, then reddish- 
yellow, finally 
colourless. 

Yellow. 

Theobro- 

niino. 

Colourless. 

Colourless. 

Colourless, 

Colourless. 

Veratrine. 

Orange, blood- 
red. After 30 mi- 
nutes carmine rod. 
When the fresh 
solution is treated 
with bromine 
water, purple. 

Orange, red to 
carmine. On 
addition of a few 
drops of water, 
cherry-red. 

Very yellow, 
later cherry-red. 

Yellowish. 


^ dark-red dyestuff, obtained from the roots of Anchma (Alkanna) 
dpf I^fprms a friable mass with a metallic reflex, softening at 100° with no 
form f point. Insoluble in water, soluble in alcohol, ether, chloro- 

pomad^ ^ turns blue in presence of alkalies. Us^ for colouring 

BHicher. , 
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Alkermes see Kermks. 

Alloys. Se(i especially „ Aluminium alloys“, ,, Antimony alloys‘*, Iron 
alloys etc., further ,,ilRONZES“. lijasily melting alloys see under ,, Cadmium 
alloys“ and „Bismuth alloys“, also „Solderino“. 

Almatein. A condensation product of haematoxylin and formaldehyde. 
Prepared according to Germ. Pat. 156630 by the action of formaldehyde on 

logwood extract. . . , n . 

It forms a red powder without taste or odour, almost insoluble in water, 
sparingly soluble in ether, CHCI3 and CSg. moderately soluble in alcohol and 
acetic acid and readily in glycerine. Used medicinally. 

Almond oil. A fatty oil obtained from the sweet or bitter almonds of 
Amygdalus commu 7 iis, by grinding the almonds and pressing cold. Usually 
a mixture of the two kinds is used. The oil becomes clear on standing 
and is then obtained as a yellowish, mobile, odourless liquid with a sweet 
and not unpleasant taste. S. G. (at lb®) 0.919. It solidifies at — 2 P; is 
a non-drying oil but becomes rancid in the air. It is decolourized by 
light. Iodine number 82—99 Saponification number 195.5. It is used in 
m^icine and in the manufacture of cosmetics. The residue left after 
pressing is also used for toilet purposes (almond meal) . See also Bitter al- 
monds, OIL OF. 

Alpaca see Nickel Alloys. 

Alphaoucaine see Eucaink. 

Alphozone. Disuccinylperoxide (COOH . dig . CHg . CO) 2 . Og. A new 
antiseptic with remarkable germ-killing power. The solution 1 : 5000 kills 
typhoid bacilli in a minute. 

Algol (Aluminium aceto-tartrate) obtained by evaporating on the water 
bath 100 parts of freshly prepared aluminium acetate solution with 3.5 parts 
of tartaric acid. It forms a colourless acidic mass readily soluble in 
HjO insoluble in alcohol. It is used in medicine externally for the treatment 
of wounds, for a mouth wash and for gargles, &c. According to the latest 
experiments, its antiseptic power does not seem to be very remarkable. 

Alumen = Potassium alum see Alums. 

Alumen ammoniacale ~ Ammonium alum see Alums. 

Alumen chromicum = Chrome alum see Alums. 

Alumen concentratum = aluminium sulphate see Aluminium compounds. 

Alumen cubicum -- cubic alum see Potassium alum in article Alums 

Alumen natricum — sodium alum see Alums. 

Alumen romanum = Roman alum see Potassium alum under Alums. 

Alumen ustum = burnt alum see in Potassium alum under Alums. 

Alumina = aluminium oxide see Aluminium compounds No 8 . 

Aluminium. Al. A. W. 27.1 is a silver white metal of sp. Gr. 2.64 to 2.70 
M. P. 700^ Readily soluble in caustic alkalies and in aqueous hydrochloric {icid. 

Aluminium is obtained either by purely metallurgical methods or by electro- 
metallurgical means. The oldest metallurgical process (Dbvillb) consists in 
reducing the halogen compounds of Al by means of Na. For this purpose 
bauxite Al.^O^ . 2 H 2 O is taken and fused with soda, thus forming sodium 
aluminate. Alumina AI 2 O 3 can be obtained from the latter, and this by heating 
with charcoal in the presence of chlorine is converted into aluminium chloride. 
On heating the latter with metallic sodium, aluminium is obtained. Most 
of the improvements have been devised with the object of making the process 
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.heaper and of simplifying the method of production of aluminium chloride 
* , id sodium. Very often the natural cryolite (AIF3 + 3NaF) is used as a 
starting point. Tins can be reduced to the metal just as easily as the chloride. 
In Ghabans process artificial cryolite is made from aluminium sulphate, and. 

then submitted to reduction. Acording to the Germ. Patents 140231 
nd 141005, very pure alumina is heated to about 1800°, ground, mixed to 
t naste with calcium phosphate, sulphuric acid, petroleum, and an excess 
of lime, and then heated in a crucible to 1200 — 1600° in absence of oxygen. 
(This r.bject may be attained by packing the mass in coal-dust.) The 
aluminium, which is found under the slag, is as pure as that obtained by 
eI('ctrolytical methods, and is very much cheaper. 

According to the Germ, Pat 160286 aluminium compds. (e. g. Alg ( 804 ) 3 ) 
may be reduced at sufficiently high temperatures by the action of sulphurous 
a(ud, the compressed stream of gas being allowed to pass upwards. 

The Electbolytical method of obtaining aluminium consists in melting 
oxygen compounds, in the presence of reducing agents, in the electric furnace 
i means of the electric arc. At first the production of aluminium alloys 
was aimed at, and on this account iron, tin and especially copper, were added 
to tlio mass. In the new H 6 roult process alumina is decomposed without 
any flux between a positive electrode consisting of a bundle of copper 
rods, and the negative of some molten metal, e. g. copper, which latter com- 
bines with the aluminium forming aluminium bronze. Pure aluminium may 
[)e oi)tairied directly by electrolyzing the double fluorides of alkali and alu- 
minium in vessels lined with fireclay, whereby the electric arc, produced 
between two infusible electrodes, melts the powdered contents and liberates 
the aluminium. 

Tlu^ positive electrode now usually consists of a bundle of carbon rods and 
the (cathode is formed by molten aluminium on the bottom of the crucible, 
(which is usually of carbon or of iron lined with carbon.) The operation 
is continued uninterruptedly, the aluminium produced being let off at the 
tapholc and cast into bars. 

According to the Germ. Pat. 133508, A1 is obtained from AI 2 O 3 by dessi- 
cating the latter through roasting, mixing it with tar, and gradually bringing 
the mixture into a vessel heated to 1300 — 4500° C. At the same time hot 
chlorine is also passed in. (The chlorine is obtained by electrolysing melted 
NaCl at a temp, of 1000° with a potential of 4.5 volts.) Aluminium chloride 
Al^Clj and CO are formed and these pass in the form of vapour into a second 
receiver which is not heated and into which the sodium obtained from the 
above mentioned electrolysis passes in the form of vapour. In this way the 
sodium combines with the chlorine, and aluminium is formed, while the 
sodium chloride passes back to the electrolysing apparatus to be decom- 
posed again into Na and Cl, The process is thus continous and to a certain 
extent automatic and very little energy is required. The American Aluminium 
industry is constantly endeavouring to make itself independent of the German 
production of aluminium oxide. The Germ. Pat. 143091, according to which 
bauxite is melted with charcoal in the electric furnace, has the same object, 
by this means a fairly pure aluminium oxide is obtained, which is treated 
in the ordinary way for Al. 

The Germ. Pat. 133909 (mentioned below) has the same object and aims 
at refining the aluminium obtained from the impure AlgOo (Bauxite). 

A French process (French Pat. 334132) consists in the reduction of AlgClg 
ny means of zinc sodium ZnNag. This reducing alloy is obtained by electrolysis 
and is used directly for the treatment of bauxite whereby the electrolyte is 
^‘ontinuously formed. 

A(!cording to the Germ. Pat. 148627 (compare Chem.-Ztg. 1904, 167) Al 
^lay bo obtained, and the electrolytes and auxiliary materials recovered, 

3 * 
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a melted mixture of sodiumfluoraluminate and sodium sulpho 
1 F 6NaF 4- AlgSg, SNagS) to electrolysis. This mixture is 
obtained by tfc action of 2 mol. of aluminium fluoride on 6 mol. of sodium 
sulphide The sulpho aluminate, the heat of formation of which is considerably 
less than that of the fluoraluminate, is alone decomposed by the current, 
TcordLg to the equation, A1,S3, 3Na,S = Na, + 2A1 + 3S 

The sodium sulphide thus formed reacts with the fluoraluminate, and 
sulpho-aluminate is again formed, which is in its turn also decomposed by 
the current, and so on, until all the A1 and the sulphur have been separated 
and the sodium is turned into fluoride. 

The second process of decomposition is according to the equation, 

Al^Fe, 6NaF + 3Na2S = 12NaF -f 2A1 + 3S. 

Th whole action may be expressed in the following equation: 

Al^Fe, 6NaF f Al,S 3 , 3Na,S = 12NaF + 4A1 -f 6S. 

In order to melt the electrolytes and to keep the bath at a temp, of about 
850® during the electrolysis an E. M. F. of 5—6 volts and a current-density 
0.6 amp per 1 sq cm is necessary. Bauxite serves as the raw material, from 
which aluminium fluoride is made in the following way. The raw bauxite 
is first of all dried, then finely powdered, and treated in a mixer with hydro- 
fluoric acid at the ordinary temperature so that aluminium fluoride, iron 
fluoride aluminium fluosilicate and aluminium fluotitanate are formed. If 
aluminium oxide is added to this solution then iron, silica and titanic acid 
are precipitated. The decanted solution is concentrated by evaporation, when 
an insoluble precipitate of aluminium fluoride forms. This is separated 
from the mother liquor, dried, and then heated in a muffle furnace to remove 
the last traces of water. The sodium sulphide is obtained by the reduction of 
anhydrous sodium sulphate and the accessories, sodium sulphate and hydro- 
fluoric acid arc recovered in the course of the process. 

Several processes produce a more or less impure Al, and in such cases the 
electrolytical purification (according to the Germ. Pat. 133909) may be of 
importance. For this purpose, a cell is used in which the electrolyte consists 
of a mixture of fused aluminium fluoride and the fluoride of a metal more 
electropositive than AL The anode is the impure Al in a molten state. As 
soon as the current is passed through, pure Al is deposited on the cathode*. 

According to Germ. Pat. 186182, the electrolytic refining of Al is carried 
out by using an aluminium-containing electrolyte of greater density than 
pure aluminium and of a lower density than the material of which the 
anodes are composed. The object of this is to make the effect greater by 
having the cathode surfaces brought together more closely without the danger 
of establishing a short circuit. An alloy of Al and the heavy metals is used 
as anode. This generally consists of a product resulting from the reduction 
of a mixture of aluminium ores and the heavy metals or their oxides. 

The Germ. Pat. 131517 and 137003 treat of processes for increasing the 
tensile strength, density, and firmness of Al. The process consists in the 
addition of from 2 — 15% P; with 2 % P, the alloy is easily malleable; 
with 3%, it is specally adapted for horse-shoes; with 4—7%, it is an excellent 
substitute for bronze with small contraction which can be readily soldered, 
and is only oxidized with difficulty. With 7 — 15 %, it is extremely hard 
and tough, so that it is best used in the form of wrought blocks. 

The future predicted for aluminium, having regard to the many purposes 
for which it seemed suitable, has only been partially realized. It is used in the 
iron and steel industry, for the manufacture of soldiers’ canteens and bottles, 
small boats, instruments and weights &c. Of late years it has been largely 
used as a material for telephone wires. Nowadays the amount of Al used has 
been greatly increased by its being recognised as a very useful material for 
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irious pieces of apparatus used in chemical industries; in the manufacture 
f stearine, for example, utensils of A1 are much to be preferred to those of 
Tu and Cu alloys since A1 is only very slightly attacked by the fats and 
fittv acids even when heated in the presence of air. Such utensils are now 
usually prepared by a new process of welding invented by Hbeaeus (Germ, 
pit 118868). Excellent results are obtained by the autogenous welding of 
iluniinium according to the method patented by Schoop (cf Chem.-Ztg. 1907, 
19 ) According to this patent, the welding is conducted in presence of an 
uiueous solution of a chloride of the alkali metals. This secures the absence 
i)f air and also the reduction and absorption of any oxide that may be 

^ The soldering of A1 however still presents many difficulties. One of the 
best solders consists of 1 A1 1 P 11 Zn 29 Sn, No acid is required in soldering. 

The English Pat. 4973 of 1904 protects an aluminium solder of 100 parts 
Zn 2 pts & and 1 pt Ni; the metals are melted in a graphite crucible. The 
articles to be soldered are heated to 100® C, rubbed with stearic acid and 
tlien soldered. — It is difficult to find much worth patenting in this process. 

Other aluminium solders are protected by the Eng. Pat. 13328 (1904) 
and 17031 (1905) and also by the French. Pat. 373824. 

The English Pat. 21609 (of 1903) deals with the electrolytical deposition 
of metals on Al: The A1 objects are first treated with a solution of stannous 
( hloride and ammonium alum and in this way covered with a thin layer of tin. 
This can then be coated clcctrolytically with any other metals. 

The Germ. Pat. 163545 and 182421 describe a method for the oxidation a,nd 
colouring or enamelling of aluminium articles. This consist in first heating 
them with a solution of a mercury salt and then removing the layer of amalgam 
so fo lined. In this way the surface becomes coated with a layer of AlgOj 
\\ hich on heating forms a suitable ground for enameling. The surface may bo 
treated with a solution of chromic acid. Subsequent heating fixes the colour 
as a thin layer capable of resisting heat. A similar result can be obtained 
with the chlorides of certain other metals without the preliminary treatment 
with mercury salts. 

Different alloys of Al have proved themselves much more valuable than 
Al itself. (Compare article Aluminium alloys.) Al has found a new use within 
recent times which may prove of great practical importance. See article 
on Thermite. 

Aluminium : 

The British Aluminium Co. Ld., 109 Queen Victoria St., London E.C. 

Aluniinium alloys. As already stated the alloys of Al may lay claim to 
^ipccial importance on account of their many excellent qualities. 

1. Aluminium bronzes. Alloys of Cu and Al with a preponderating 
amount of Cu have very different qualities according to the proportions of 
the components. They are either prepared as described above directly by the 
electrolysis of Al compounds in the presence of Cu, or by adding pure Al to 
melted copper. Very pure Al bronzes are obtained by the latter method 
'vhilcthe product of the electric furnace nearly always contains silicon andiron. 

The aluminium bronzes mostly contain 3 — 10% Al, sp Gr 8.37 — 7.65; 
<x)lour reddish gold to bright yellow. The common aluminium bronze with 
hi Al melts at about 1100® C. The electrical conductivity of bronzes with 
’^—10% Al amounts to 13—6% of that of Cu. Aluminium bronze offers 
great resistance to the action of oxidizing agents, mineral acids, common 
r^\ ^^monia, sulphur, alkalies, alum, chlorine, sulphite lyes &c. 

I he Germ. Pat. 144340 protects the manufacture of manganaluminium 
>i’oiize in which the amount of Al is half that of the manganese (10% or less), 
c*!” example one alloy consists of 9 — 10 % Mn, 90 — 91 % Cu and 4J4 — ^ % Al. 
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2. Aluminium brass. Usually a brass containing about 33 % Zn is used 
to which 0.5 — 4 % A1 is added. These alloys can be welded at a dark red heat 
and have many other valuable properties. They are generally used instead of th(‘ 
dearer A1 bronzes when no especial resistance to the action of reagentsis required. 

3. Aluminium zinc. Besides Maonalium (see No 10), Zinalium (see No 12), 
and ZiNKALiuM (sec No 13) alloys of A1 and Zn have been introduced especi- 
ally one containing 3 parts A1 and 1 pt Zn which can be worked with ease. 

4. ZiscoN. Another aluminium zinc alloy, containing 3 — 4 pts A1 for 
1 ptZn. Sp. Gr. = 3.35. 

5. Alzen. An alloy containing 2 parts A1 und 1 part Zn. 

fi. CisiUM. An alloy in which A1 Zn Sn and Cii as well as traces of Sb and 
Bi are found. Sp. Gr. 2.95. 

7. Aluminium cadmium. The English Pat. 16453 (of 1903) protects alloys 
which are specially adapted for castings and can be easily worked. The alloys 
consist either of 93.5 pts A1 2,5 parts Cd and 4 pts. Cu or of 90.5 pts. A1 3.5 pts. 
Cd and 6 pts. Cu. 

8. Aluminium nickel. (See Nickel alloys no. 5). According to the 
Germ. Pat. 133910 an alloy of A1 with Ni Fe und Bi has very valuable pro- 
perties, especially when it has the following composition 900 pts. Al, 50 pts. Bi, 
25 pts. Fe, and 25 pts. Ni. In manufacturing it the iron is first melted and then 
the other metals added one by one. This alloy is said to possess besides the 
lightness characteristic of Al the property of being easily fusible and of being 
easy to solder; it is also not readily attacked by oxidising agents. 

9. Aluminium nickel titanium. The Germ. Pat. 154485 protects those 
alloys which unlike aluminium nickel do not form flaws when cast. In order 
that the alloy may possess this property, not more than 2 % Ti and 3.5 % Ni 
must be present. An alloy of 97.6 % Al, 2 % Ni and 0.4 % Ti possesses great 
tenacity and forms good castings. 

• 10. Maonalium; an alloy of aluminium and magnesium. It seems most 

remarkable that alloys of Al, and Mg, the first of which has many defects and 
the second offers so little resistance to the action of damp air that its use for 
metallurgical purposes would appear to be impossible, should show eiidi 
remarkable properties. 

Magnaliiim has entirely different properties according to the proportions 
in which the components, are combined. Those alloys with 10 — 30% Mg are 
malleable, have a S. G. 2 — 2.5, are suitable for casting and are easily worked 
without softening. All these alloys are capable of a high polish and do not 
readily fracture. 

Those alloys which contain a large percentage of Mg and only a small 
amount of Al are not so good as the preceding. The hardness, brittleness, 
and power of taking a high polish increase with increasing amounts of 
magnesium; alloys with more than 30% Mg are hard to work in the lathe. 
Magnalium is manufactured l)y electrolysing magnesium compounds (carnallite 
or tachhydrite) just below a red heat and adding Al during the electrolysis. 

The valuable properties of those alloys known under the name magnalium 
assure them a wide application for such objects as highly polished, silver-white, 
but very light optical mirrors, for graduated instruments, for mountings of 
lenses, for axles, clock wheels, fuses for projectiles, for parts of machines in 
electrical work and in the automobile industry etc. It may also be remarked 
that the common magnalium (10 % Mg) can be soldered and may also be 
nickelplated and goldplated ; its silver-white colour may also be turned black 
by “pickling”. S. G. 2.4—2.57. M. P. 6500— 700^. Its tensile strengtli 
per sq. mm. = 24 kg (while that of Al is only 7 kg; of br6iss, 17 kg, and of 
bronze 20 kg. 

11. Alloys x, y, z. These aluminium alloys are much used; like magnalium 
they contain Mg. According to Barnett’s analyses the alloy x contains 



Aluminium compounds. 


39 


1 76 Cu, 1.60 % Mg, 1.16 % Ni and small amounts of 8b and Fe. Alloy Y 
ontains Cu, Mg, Sn, Pb, and small amounts of Fe, alloy z: 3.15% Sn, 

() 21 % Cu, 1.58 % Mg, 0.72 % Pb and 0.3—1 % Fe. Traces of Ti are found 
these alloys. It is noteworthy that none of these alloys contains more 

12 . ^ZmALiUM. An alloy prepared (according to the Germ. Pat. 141190) 
f]om 100 parts Al, 1 — 10 parts Mg and 1 — 20 parts Zn. The alloy is harder 
and better to work than Al; sp. Gr. 2.65 — 2.75. Wire and sheets made of 
i)iis alloy resemble brass. The tensile strength is twice as great as that of Al. 

( astin^s can be filed, welded, shaped, and planed, and have a tensile strength 
of 14— 20 kgs by quickly cooling, of 20 — 25 kg (as compared with 3—8 and 
10-12 kg respectively Al). The alloy is 10 — 12 % dearer than Al. Zimalium 
offers less resistance to the action of chemical agents than Al and the electric 
(onductivity is only of that of the pure metal. 

Id. CAI.OIUM Aluminium. The process (Germ. Pat. 144777) for manufac- 
turing calcium aluminium alloys with a high percentage of Ca is rather inter- 
esting. Molten Al is used as the cathode by the electrolysis of fused CaClg. 
Alloys containing up to 97 % Ca may be prepared in this way; their properties 
resemble in a marked fashion those of pure calcium (see Calcium). 

The other aluminium alloys such as aluminium iron, aluminium steel 
aluminium silver, aluminium German silver etc. are of less importance. The 
derm. Pat. 152784 protects- the manufacture of alloys of Al, Sn, Sb, Cu, 
and Mg; the English Pat. 14936 of 1902 that of alloys of Al and Fe. 

Aluminium iron and aluminium steel are mentioned under Iron Alloys. 
('omyuirc also art. on Zinkalium. 

Aluminium alloys: 

I’lio Uritiah Aluminium Co. Ld., 109 Queen Victoria St., London E.C. 

Aluminium compounds. These are described in alphabetical order but * 
only those are considered which are of technical importance. 

1. Alums see the special article. 

2. Aluminium Acetate. Al2(C2H302)6- Obtained either by decomposing 
Al2(S04)3 with 3Ca(C2H302)2 or with 3Pb(C2H302)2 or by dissolving precipitated 
Al^iuH)^ in C2H4O2. The solution is quickly changed into basic acetate. 

If the solution be evaporated below 40^ Al2(C2H302)4 . (OH)2 + SHgO remains. 
According to the Germ, Pat. 160348 a valuable insoluble basic aluminium 
acetate containing 72 % acetic acid is obtained by heating an aqueous solution 
of tlic neutral acetate under pressure, or with acetic acid. The formation of 
the precipitate is favoured by starting with a concentrated solution. Alumi- 
nium acetate is used to some extent in surgery, but principally as a mordant 
in dy(‘ing (see Aluminium Mordants). 

3. Aluminium chloride AlgCle- Prepared by heating aluminium oxide 
with coke in a current of chlorine. A perfectly pure product is also obtained 
f>y heating metallic Al in a current of chlorine. According to Faure a mixture 
of AI2O3 and coal is heated to a red heat by means of hot producer-gas. When 
f^hc air, moisture, and COg, have been expelled the producer-gas is turned 
off and HCl vapour is allowed to act under reduced pressure. — An aqueous 
solution of aluminium chloride is obtained by dissolving Al2(OH)8 in HCl; 
thin solution is used as a disinfectant. AlgClg is also used (instead of H2SO4) 
for carbonising wool, since it decomposes at 125° into AlgOg, HgO (steam), 
^md HCl. The latter causes the carbonisation. 

. AIoCIq is a colourless leafy crystalline mass, very deliquescent and fuming 
in the air, soluble in HgO alcohol and ether. 

4. Aluminium fluoride AIF3. Obtained by treating AlgOj or Al2(OH). 

" i^b HF ; it is a substance insoluble in HjO and not attacked by acids and 
ligneous alkalies. The double salt, aluminium sodium fluoride AIF3 . 3 NaF, 
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, , „ j • Knnwn as Cryolite. It is obtained artificially in the 

lorZra^^^ mass, insoluble in H^O. by evaporating a mixture 

of 1 mol. AI2O3’ 3 mol. Na^COg with HF 

fi AtttmTNIUM sodium chloride Ai2dg “T" ^-IMaU' . li. ; 

Obtined by beating aluminium oxide with coal «"us^bi the 
current of chlorine. Colourless crystalline mass M. P. I80 , is usea in tne 

preparation /\rn i nh^.ninfiH bv dissolving ALO 3 in 

15 molecules 


6 . Aluminium nitbate Al,(NO,h. Obtained 
HNO It forms a deliquescent crystalline mass containing 15 molecule 

crater of orystallizatiom M. P. 70° is used as a mordant in 

7. Aluminium oxalate. It exists both as a neutral salt Al2(^^4)3 

acid salt, and is obtained by dissolving Al2(OH)6 m C2H2O4. Crystalline 
powder used as a mordant in calico printing. . , , , *1 /aitx 

8. Aluminium oxide (Alumina) AlgOg. Obtained by heating iUgllHOe* 
ammonia alum and other aluminium compounds containing volatile acids. 

The methods for manufacturing it from bauxite — a naturally-occurring, 
impure aluminium oxide, — are of special importance. There are three principal 
methods, which are as follows: — 

I. The fusion of bauxite with NagCO^ in a reverberatory or muffle-furnace; 
from the NaAlO, so formed AI2O3 is precipitated by means of COg, and the 

NaoCOo produced used again. , 

U. The dry method of Peniakoff (Germ. Pat. 80063 and 93952) by which 
bauxite is fused with Na2S04 and C, or with Na2S04 and Na2S, or with 
Na^SO. -I- FeSa (Pyrites). SO2 is obtained here as a by-product. 

III. The wet method of Bayer (Germ. Pat. 43977 and 65604) in which 
bauxite is treated with NaOH in autoclaves and then the AI2O3 precipitated 
from the NaAlOa thus formed by adding a small amount of AI2O3 with stirring. 
According to the French Pat. 344296 the operation is carried out by heating 
•with a solution KOH or Ca(()H)2 under great pressure. According to the 
English Pat. 9024 (1903) bauxite is treated with HF or HgSiFg, the AljF* 
separated, and then treated with superheated steam. The HF thus liberated 
is condensed and used again in the process. According to the Germ. Pat. 135553 
and 1382 19 pure aluminium oxide is obtainedfrom bauxite in the electric furnace 
by mixing it with coal, adding as a fluxCaO, NagCO^, cryolite or fluor-spar, and, 
when necessary also adding A1 or Fe203 and also as a flux, CaO, NagC^O^, 
cryolite, A1 orFe.^Oa. The impurities are said to be converted by this means into 
an alloy of iron and aluminium or into iron silicide, which can be easily removed. 

In this process the bauxite is mixed with caustic lime and treated under a 
pressure of 10 atmospheres, with Na2C03 solution. The solution of sodium 
aluminate is then filtered as usual and precipitated with OOg. The Amer. 
Pat. 740364 protects the manufacture of AI2O3 from Al2(S04)3 which also 
contains iron, by mixing it with NaCl, HgO and coal, and heating the mixture 
in the presence of steam to a red heat. The mixture is lixiviated with water 
and the Na2S()4 allowed to crystallise. The sodium aluminate and iron sulphide 
are precipitated from the filtrate, and the NagCOg recovered from the solution. 

According to the Amer. Pat. 826354, bauxite is treated with a solution of 
a calcium compound. The calcium aluminate so formed is treated with NagCO;, 
and the sodium aluminate produced separated from the insoluble residue. 
The AI2O3 is precipitated from the solution. 

The Germ. Pat. 175416 describes a wet process for obtaining AlgOg from 
bauxite, in which 1 mol. AlgOg is treated with 1.7 mols. Na20 (in the form of 
NaOH) in open vessels. This method obviates the use of increased pressure. 

The Germ. Pat. 182775 describes an improvement of the wet methods 
of preparation. 

According to the Germ. Pat. 180554 and 185030 the fused mass obtained 
in the Peniakoff method is extracted with water, and the solution treated 
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after heating with SOg. The aluminium oxide separates in the hydrated form, 
while at the same time sodium thiosulphate is produced. 

Instead of SOg, HgS may be used when NagS is obtained as a by-product. 

Perfectly anhydrous AlgO, may be obtained according to Germ. Pat. 165612 
by calcining aluminium hydroxide in presence of smaU quantities of fluorine 
compounds. Complete calcination can thus be secured at a comparatively 
low temperature. 

The Germ. Pat. 143001 treats of the purification of crude alumina. 

ALO 3 has a S. G. 3.75 — 3.99; in the amorphous state it is readily soluble 
in acids but insoluble in the crystalline state. It dissolves in KHSO 4 and 
in fused alkalies. 

It is used in the manufacture of A1 as a source of Al2CIg; the aluminium 
oxide being heated with coal in a current of chlorine. 

0. Aluminium hydroxide Al2(OH)g. Occurs naturally in different 
minerals. Obtained artificially by heating cryolite with caustic lime or from 
bauxite and soda. According to the English Pat. 3776 (1904) for the manufac- 
ture of very pure aluminium hydroxide suitable minerals such as leucite 
arc treated with H2SO4. Alum separates in the crystalline form. It is redis- 
solved and ammonium carbonate added to the solution, when Al2(OH)6 is 
precipitated. The sulphates in the mother liquor can be used for other purposes. 

Al2(OH)g is insoluble inH20, soluble in acids and alkalies. S. G. 2.3. With 
alkalies it forms salts in which it plays the part of an acid. Of these aluminates, 
the sodium salt Al2(NaO)g is especially important. The aluminates are used 
as mordants. (For information about aluminates, see Amer. Pat. 740364 
mentioned under Aluminium oxide 8.) 

10. Aluminium sulphooyanide. Is obtained by precipitating a strong 
solution (44” Baume) of Ba(CNS)2 of Ca(CNS)2 (36” Baum6) 
with a solution of Al2(S04)3 (30” Baume). It may be obtained commercially 
in .solution (19” — 22” Baume) and is used as a mordant in cotton printing. 

By dissolving Al2(OH)g in aluminium sulphocyanide, different basic sulpho- 
cyanides have been obtained. 

11. Aluminium sulphate Al2(S04)3. By treating cryolite, or bauxite, 
or alumina with H2SO4 impure products are obtained. On the other hand 
a pure product is obtained by dissolving aluminium oxide free from iron 
(obtained from bauxite or cryolite) in dilute H2SO4. The purification of 
aluminium oxide (wich contains iron) with the object of obtaining Al2( 804)3 
is the subject of the Amer. Pat. 752927. The raw materials arc subjected to 
chlorinating agents in order to convert the Fe into FcgClg and then the latter 
salt is removed by volatilization. Care must be taken that the temp, does 
not become too high, otherwise the A1 compounds become insoluble. The 
residue is treated with H2SO4 and hot air blown into the mixture. The sulphate- 
solution is then separated from the insoluble residue and concentrated. 
According to the Germ. Pat. 131314 in order to obtain very pure Al2(S04)3 
in a crystalline form, the solution is evaporated in vacuo at 50 — 70”, more 
solution being added to increase the size of the crystals. The crystalline mass 
is then separated from the mother liquor by suction or by centrifuging. It 
crystallizes with 18 mols. of water. The crystals are readily soluble in H2O 
sparingly soluble in alcohol, do not decompose in the air and have a 8. G. of 
2.71. Owing to the reduction in the price of aluminium sulphate it has been 
used largely in place of the alums. (8ee article on Alums and Aluminium 
mordants.) 

According to the French Pat. 331836 a readily soluble basic aluminium 
sulphate may be obtained by adding chalk that has been thoroughly washed 
to a solution of Algl 804)3 in HgO and evaporating carefully after the removal 
of the CaS04. After cooling the crystallisation of the basic sulphate Al2(S04)2 
IS induced by the addition of a few crystals of the salt. The same salt may 
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be obtained (according to the English Pat. 25683, (1902)) by passing NHg 
hot solution of Al2(S04)3 until ammonium alum crystallizes out on cooling. The 
mother Uquor containing the basic sulphate is carefully evaporated %n vacm. 
The same salt may also be obtained (Germ. Pat. 167419) by aUowmg an excess 
of hot H^SO. to act on AljO, under pressure. The whole is then filtered, the 
filtrate evaporated in vacuo, and the crystals separated from the mother liquor. 
The Amer. Pat. 781341 aims at manufacturing a double sulphate of sodium and 
aluminium. Salpetre cakes are dissolved, 1.6—2% alkalisulphide added and 
the insoluble matter allowed to settle. Then a sufficient amount of Al2(S04)3 
solution is added to the clear solution obtained above, and also ^2 % J 

the whole is concentrated and the double sulphate so formed is calcined. 

12. Sodium aluminate see No. 9 Aluminium hydroxide, Aluminium 

COMPOUNDS. 

Alnminium compounds: 

The British Aluminium Co. Ld., 109 Queen Victoria St., London E.C. 

Willy Manger, Dresden, Germany. 

Aluminium mordants. 

I. Alum. Potassium alum and Ammonium alum are often used as mordants 
for dyeing. By adding CaC03, Na-^CO^ etc. the alum solutions are converted 
into basic salts (so called neutralised alums). The alums are all used as 
mordants for wool. (See Alums.) 

II. Aluminium sulphate. (3nly those products wliich are free from 
iron and acid may be used as mordants. As the basic salts are much easier 
to decompose than the neutral sulphate the solutions are treated with CaCOa, 
NagCOa, NaH003 or Al2(OH)8, by means of which basic aluminium sulphates 
of different compositions arc formed. 

Such basic solutions are used especially as mordants for cotton. After the 
.aluminium hydroxide has been precipitated on the fabric it is dried and 
rendered insoluble by treating with ammonium sodium phosphate, ammonium 
carbonate, silicate or soap. On the other hand, the neutral sulphates are used 
as mordants for wool and silk. 

in. AluminiuiM acetate. Preparation see under Aluminium compounds. 
The product obtained by the action of lead acetate on alum is probably 
aluminium acetate and sulphate with a small amount of K2SO4; it is an 
efficient mordant. In order to dispense wdth the preparation of lead acetate, 
the basic aluminium sulphate is precipitated from solutions of alum or alu- 
minium sulphate by Na2C03, and is then dissolved in acetic acid. These 
solutions have been termed red mordants, because they are used for producing 
the red madder or alizarin colours in cotton dyeing, and especially in calico 
printing. Compare article Turkey-red dyeing. 

IV. Aluminium chloride. For general information see article on Alu- 
minium COMPOUNDS. It is rarely used as a mordant, but is employed for the 
carbonisation of wool. (See note on Animal fibres.) 

V. Aluminium oxalate. For general information see Aluminium com- 
pounds. It is used at times in calico printing for producing certain special 
colours. The same remarks apply to Aluminium tartrate. 

VI. Aluminium sulphocyanide. See article on Aluminium compounds. 
It may be used advantageously in cotton printing instead of aluminium acetate 
mordants, because it does not attack the steel doctors like the acetate. 

VII. Sodium aluminate. See article Aluminium compounds. The mordant 
is thickened by the addition of dextrine, and then (in calico printing), brought 
on to the fabric. The latter is then drawn through a solution of sal ammoniac 
by which means the aluminium hydroxide is precipitated or fixed on the fibres. 

Alaminium mordants: 

W'illy Manger, Dresden, Germany. 
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Aluminothermy see Thermite. 

Alnmnol is the aluminium salt of yd-naphtholdisulphonic acid 
[C,,H,0H(S03)2]3A1, 

It is obtained by the action of Al2( 864)3 on the Ba salt of /S-naphthol- 
disulphonic acid. Very fine powder which is almost white. Soluble in cold 
H2O. It has reducing properties. 

It is used as an antiseptic and astringent and also as a caustic for wounds, 
ulcers, skin-diseases etc. and especially for gonorrhoea . Solutions of 0.5—3 % 
are used as antiseptics, 10—20 % solutions as caustics, and 2 — 5 % solutions 
in gynaecology. 

Alums. Under this name are included double sulphates of the alkali metals 
and aluminium; the alkali metals may be replaced by certain other metals 
and the alumina by certain sesquioxides (e. g. FcgOg, CrgOg, MngO.^). The 
most important alums are the following: — 

1. Potash alum (Ordinary alum). K2SO4 . Al2( 864)3 . 24 HgO. The 
whole of the alum used commercially is prepared artificially from alum stone 
(basic potassium aluminium sulphate), from alum shale or from bauxite 
and cryolite. 

Alum stone contains all the constituents of alum, the alum shale contains 
the aluminium and sulphate portion, while bauxite and cryolite (as also clays 
poor in Ca and Fe) contain aluminium only. The method of manufacture is 
l)ased upon these differences. 

Alum stone is broken into pieces and burnt at a temperature not exceeding 
500®. It is then extracted with warm water and the solution concentrated. 
The Roman alum thus obtained is valued on account of its purity. It is also 
known as cubical alum since it crystallizes in cubes and not in octahedra. 

The largest amounts of alum are prepared from alum shale which is piled * 
in heaps and allowed to weather — in some cases it is necessary to roast the 
shale — when aluminium sulphate is formed. The mass is extracted, the solu- 
tion concentrated and after numerous processes of purification treated with 
potassium sulphate, thus forming alum. By vigorous stirring the alum can 
be made to separate in a fine state (alum meal). 

Bauxite and cryolite are roasted, powdered and treated with hot sulphuric 
acid. The product is extracted with water and the solution treated with 
potassiiim sulphate. 

Potash alum forms large, clear octahedra, soluble in 10.5 parts of cold 
(+ 10®) and in 0.75 parts of boiling water. When heated to 120® it loses water 
and falls to a loose powder (burnt alum, Alumen ustum). 

Alum is used in dyeing as a mordant, for the preparation of colour lakes, 
in the manufacture of white leather, for sizing paper, to harden plaster of 
Paris, in medicine, &c., &c. 

2. Ammonium alum. (NH4)2S64 . Al2(S64)3 . 24 H26. It is obtained from 
alum stone, bauxite, cryolite &c. as in the manufacture of potash alum, 
the only difference being that ammonium sulphate is substituted for potassium 
sulphate. In appearance it is exactly similar to potash alum. 100 parts of water 
dissolve 9 parts at 10® and 422 parts at 100®. It is used principally for the 
preparation of very pure alumina which is obtained from it by strongly igniiing 
the salt. 

3. Soda alum. Na2S64 . Al2{S64)3 . 24 H26. It is obtained from sodium 
and aluminium sulphates. It is less used than either potash or ammonium 
alum on account of its greater solubility. This property renders purification 
oy recrystallization difficult. Germ. Pat. 141670 has for its object the pre- 
paration of a crystalline soda alum: exactly neutral solutions of the two 
sulphates (40—43® B^.) are mixed and cooled in crystallizing vessels. At first 
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auppleLentary Oerm, Pat. 178236 the nece.ssary degree of concentration 
can be obtained by dissolving both materials in hot water. On pooling the 
soda alum sej)arate8 in the crystalline form; the separation is facilitated if the 
solution is made basic, e. g. by the addition of basic aluminium sulphate. 

4. Chkomk ALi/M. K2SO4 . Cr2(S04)3 . 24 HgO. It differs from potash 
alum in that the A1 is replaced by Cr. It is obtained in large quantities as a 
by-product in the manufacture of anthraquinone (q. v.). 

Chrome alum forms large, dark-violet octahedra, sparingly soluble in cold, 
readily in hot water. It is used as a mordant in dyeing, for the preparation 
of leather and water-proof fabrics, to render glue and rubber insoluble, &c. 

Aluminium sulphate is frequently known commercially as , Concentrated 


alum‘. See Aluminium compounds. 

Test. The A1 is estimated by precipitating with NH, in presence of NH4CI ; 
the Fc is estimated colorimetrically with KCNS; alkali is only rarely estimated. 
For (|ualitative tests the usual methods are used. 

Alypine. Is the hydrochloride of benzoyl — 1,3 tetramethyldiamino — 2 — 
ethyiisopropylalcohol and has the following constitution 


N(CH3)2 HCl 
CH. 

C.H. — C — O — CO . CeHs 
CH2 
N(CH3)2 


Is a non-hygroscopic substance, forming beautiful crystals readily soluble 
in H2O. M. P. 169^ The solution may be sterilised without decomposition. 
It is used in medicine as a substitute for cocaine, usually in 1 — 5% solutions. 


Amalgams see Mercury alloys. 

Amber (SucciNUMb Is the fossil gum of an extinct coniferous species 
{Finite'S Succinifer). It is principally obtained from “blue earth” by mining 
but is also collected on the shores in nets. Acid number 15—35 ; ester-number 
71 — 91; saponification-number 86 — 145; percentage of HgO 1 %; percentage 
of ash 0.2— 0.3 %. 

Amber is found in pieces which are yellow, white, dark red or brown in 
colour. The different kinds recognized commercially are white, yellow, red, 
and waste products. 

It is sparingly soluble in alcohol, ether, fats and volatile oils, when ignited 
it burns with a luminous flame and when heated in absence of air it forms a 
sublimate of succinic acid. 

Olshausen and Rathgen have determined very carefully the fusion point 
of Baltic amber and found it to be between 348® — 384® (Zeitschr. f. Ethnologic 
1904, Heft I). 

Larger pieces of amber are used for ornamental purposes, cigar holders &c. 
It is also used in the manufacture of succinic acid and of varnishes. 

Many imitations of amber are known, e. g. the so called artificial or American 
amber is made by melting and moulding different gums (e. g. copal, mastic, &c.) 

By melting together the waste products of amber and amber dust the so- 
calM melting amber or Ambroid is obtained. 
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If amber waste be powdered, extracted repeatedly with warm CHCl^ or 
ether, and the solution thus obtained distilled there remains behind a yellowish- 
white residue a mixture of the a and amber gums. According to the Germ. 
Pat. 160094, 25 parts of this mixture are mixed, after being freed from the 
Jast traces of the solvent, and ground on cooling, with 1000 parts of powdered 
copal resin and the mixture subjected to great pressure in a heated hydraulic 
press. On cooling, a homogenous product is obtained which may be worked 
like amber and is suitable for amber substitutes. 

Ambergris (Ambra grisea). A greyish brown opaque mass found floating 
on the sea as well as in the intestines of the spermwhale and is’now considered to 
be the enterolith of the above named animal. Sp. Gr. 0.908—0.920. F. P. 60° C. ; 
has a peculiar aromatic, musky odour; insoluble in HgO, soluble in strong 
alcohol, ether, fats, and in essential oils. Used in perfumery. The high price 
accounts for the large number of imitations. 

Ambroid see Amber. 

Amidoacetic acid see Glycocoll. 

Amidoazobenzene see Azo-compounds. 

Amidobenzene see Aniline. 

Amidobenzenesulphonic acids see Benzene compounds and Sulphanilic 

ACID. 

Amidobenzoic acids see Anthranilic acid and Benzoic acid. 

Amidol see Photographic Chemicals. 

Amidonaphthalene see Naphthylamine. 

Amidophenols CgH.fOHlNHo. These are formed by the reduction of 
nitrophenols. 

There are, howewer, other methods of formation: Para-amidophenol is 
prepared most easily. According to the Germ. Pat. 150800 it may be prepared 
from nitrobenzene in the presence of H 2 SO 4 by an electrolytic process in which 
the electrodes are of carbon. The Germ. Pat. 154086 is a modification of this 
process in so far as dilute H 2 SO 4 , in which nitrobenzene does not dissolve 
but merely floats on the surface, is used as the electrolyte. 

o-Amidophenol melts at 170°. It is sparingly soluble in H 2 O ; m-amidophenol 
melts at 122° while p-amidophenol melts (with decomposition) at 184° and 
at the same time sublimes 

p-Amidophenol is used as a photographic developer. See Rodinol under 
Photographic chemicals. 

Amidotriphenylmothane dyes. All dyes belonging to this class contain the 
chromophore = C — R — NEi^or = C = R = N=. R represents either the 

phenyl, tolyl or xylyl group, which is so disposed as to be in the para position 
to the N atom. One or two amido substituents occur as salt-forming groups 
in the two phenyl (or tolyl &c.) groups. The parent substance of these dyes 
is either diamidotriphenylmethane 

. NH 2 

H — C^CeH 4 . NHg or triamidotriphenylmothane H . C^€gH 4 . NHg 

^CeH4 . NH 2 ^CeH4 . NH 2 

or some alkyl substitution products. Malachite green, a salt of tetramethyl- 
diamidotriphenylcarbinol, for example, belongs to the first group. It is formed 

condensing benzaldehyde with dimethylaniline in the presence of ZnClg 
and oxidizing the product of the condensation with PbOg. The most important 
tnamidotriphenylmethane dye is fuchsine (comp, article on Fuchsine). The 
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amidotriphenylmethane dyes are a branch of the triphenylmethane dyes. 
(See these.) 

Ammonal see Safety explosives. 

Ammoniacum ” Ammonia gum, see under Gum-resin. 

Ammonia NH^. Colourless gas of Sp. Gr. 0.586; it has a sharp, penetrating 
smell and acts as a caustic. Very readily soluble in HgO : 1 gr HgO dissolves 
0.679 grnis NH3 at 10® C. A solution of ammonia in water has properties 
very similar to tho.se of the caustic alkalies, and to it a formula NH4OH, is 
accordingly ascribed. 

Ammonia is obtained on a commercial scale principally from the aqueous 
portion of the distillate produced in gas manufacture. In this it occurs partly 
in the free state and partly in the form of salts. 

The principle of the recovery-process is the distillation of the aqueous 
portion with milk of lime. For this purpose different kinds of apparatus have 
been devised. Recently the so called “column apparatus” has been most 
largely used, chiefly on account of its automatic action. It should be observed 
that such apparatus must be made of cast iron since copper and brass are 
readily attacked by the vapour of ammonia. 

Ammonia is also obtained from putrified urine, from animal waste products 
(e. g. the drainage from the slaughter-houses in Chicago) and also from distillers’ 
waste. According to the Germ. Pat. 115462 and 137453 and 142505 ammonia 
is obtained by heating sea-mud either in a moist or in a dry state. To 
avoid overheating and secondary reactions the mud is first mixed with 
coal. The residue from the distillation forms a solid mass resembling coke. 
The Swedish Pat. 18653 (1903) describes a method for obtaining NH3 from 
nitrogenous organic compounds (peat, dung, mud) by distillation with lime. 
In this process use is made of the heat developed when the quick lime is 
slaked. 

The Germ. Pat. 125788 and 147558 protect a process for obtaining NH^ 
(and glycerin as a by-product) from the residues left after the distillation 
of fermented mash. 

The Germ. Pat. 151980 treats of the continuous production of ammonia 
from waste waters by blowing in a current of hot air. According to the Germ. 
Pat. 167022 ammonia is obtained from the gases obtained in dry distillation 
by passing them whilst hot without previously removing the steam and tar 
vapour, and in a finely divided state into concentrated acids, the temperature 
of which is kept about 80 — 85®. The tar then swims on the top of the acid 
and the solid salts formed can be removed. 

The Germ. Pat. 157287 describes the preparation of ammonia by passing 
a mixture of nitric oxide and hydrogen over platinum sponge; the reaction is 
expressed by the following equation 2NO-|-5H2 = 2 NHg 2 HgO. Com- 
mercially pure hydrogen is not used but a mixture of Dowson gas and water 
gas with nitric oxide. The reaction chamber must be cooled, for if the tem- 
perature rise above 80® ammonium formate, instead of NHg, is formed because 
CO is present in Dowson gas as well as in water gas. It is also expedient to 
expose the gas mixture to the action of silent electric discharges. 

According to the Germ. Pat. 179300 NHg may be prepared from Dowson 
gas by the action of silent electric discharges. The mixture requires very 
careful cooling, the temperature not being allowed to rise above 80®. The 
best results are obtained when the mixture is kept between 65® and 80®. 

For a long time experiments have been made with the object of making 
use of the nitrogen of the air and in recent years the experiments of A. Frank 
have met with success (compare Calcium Cyanamide under Calcium Com- 
pounds and also Calcium Nitride). The mixture obtained according to the 
Germ. Pat. 108971 from the nitrogen of the air, consisting of cyanamide salts 
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(0. g. Calcium cyanamide CaCNg) is then treated according to the process 
described in Germ. Pat. 134289 with a view to obtaining NH3. For this 
purpose it is subjected to the action of steam or water under pressure. The 
reaction is expressed by the equation CaCN^ -f 3 HgO = CaCO., + 2 NH^. 
The Amer.Pat. 776314 of Frank, by which cyanamide is heated under pressure 
in the presence of COg + HgO to 100*’ C., is almost identical with the 
previously mentioned patent. 

The Germ. Pat. 146712 also aims at the synthetical preparation of NH3 
from air by passing the latter together with steam over red hot FcgO^, BigO.^ 
or CrgO^, ; NH3 is formed and collected either as a gas or in the form of its salts. 
Instead of air other mixtures of N and 0 as well as coal gas or water gas 
can be used in this process. 

Similar to this is the English Pat. 2200 (1903) (Amer. Pat. 776543.) A gas 
which contains H,0,N and CO (e. g. Dowson gas or water gas) or a mixture 
of gases with air is exposed to the action of a silent electric discharge or brush 
discharge at a temp, below 80® C. in the presence of a porous catalytic agent. 
This process only differs from the above mentioned Germ. Pat. 167287 and 
179300 in that air is expressly mixed with the gases. 

The French Pat. 346066 describes the preparation of NH3 by electrolysis. 
The gaseous mixture of N and 0 compounds obtained by electric discharges 
in the air is passed into a solution of a caustic alkali wherely nitrates and nitrites 
of the alkali metals are formed. By the electrolysis of these with insoluble 
electrodes and without a diaphragm ammonia is formed while the caustic alkali 
is regenerated and is again used. To obtain satisfactory results large cathodes 
must be used or a small amount of a soluble lead salt added to the electrolyte. 

According to the French Pat. 350966 NH3 is obtained from the nitrogen 
of the air by passing the latter over heated magnesium hydride or calcium 
hydride. It is carried out on a large scale by heating pure metallic Ca or Mg 
in a current of H until the hydride is formed, then shutting off the hydrogen 
and admitting N by means of which the hydride is converted into the nitride. 
H is again allowed to enter &c. ; during the whole process NH3 is being con- 
tinually formed. If the formula for the hydride be taken as MgH (or CaH) 
and for the nitride Mg3N2 (or CagNg) then the different phases of the process 
are expressed by the following equations 

1. 3 CaH -f 3 N = CagN., -f NH3, 

2. CagNg -f- 0 H = 3 CaH + 2 NH3. 

According to the Germ. Pat. 175401 ammonia is prepared by passing 
air and water vapour heated to 300® into iron retorts containing peat at a 
temperature of 400®. In a modification (Germ. Pat. 176616) instead of the 
above-mentioned gas-mixture, air and water in the form of a spray may be 
used. In a still later modification (Germ. Pat. 180141) it is stated that other 
carbonaceous materials, such as coke, coal, brown coal and wood, may be 
substituted for peat. 

The Germ. Pats. 181991, 181992 and 183702 describe a process for the 
preparation of ammonia in which atmospheric nitrogen is passed over a heated 
mixture of aluniinium carbide and coal. Compounds of aluminium and nitrogen 
arc formed which on treatment with water give NHg. 

The purified and concentrated aqueous solution of ammonia (Liquor 
Ammonii caustici) contains up to 30 % NH3. In this state it may be 
used in ice machines. On account of its strongly alkaline properties ammonia 
18 also used in large quantities in the manufacture of dyestuffs, in dyeing, 
calicoprinting and bleaching as well as for other purposes. Impure ammonia 
water is used in large quantities in the ammonia soda process, compare article 
on boDA”. Pure liquid ammonia may bo now obtained in iron bombs. 
According to the Germ. Pat. 124976 ammonia may be prepared in a solid form 
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by dissolving 3—5 pts. sodium stearate at 40^0. in 95—100 pts. aqueous 
ammonia (containing 25—30 % NHg). This “solid” ammonia gives up all 
its NHg on exposure to the air, more quickly on gentle heating. A small 
residue of sodium stearate remains behind. 

The strength of aqueous solutions can be found from the Sp. Gr. 


Compare the following table of Lunge and Wiernik. 


sp. Gr. 
at 15“ C. 


1 lit. contains 
gr. NH, 
at 15» C. 

Sp. Gr. 
at 15» C. 

Per cent. 
NH, 

1 lit. contains 
gr. NH, 
at 16® C. 

1.000 

0.00 

0.0 

0.940 

16.63 

146.9 

0.998 

0.46 

4.6 

0.938 

16.22 

162.1 

0.996 

0.91 

9.1 

0.936 

16.82 

167.4 

0.994 

1.37 

13.6 

0.934 

17.42 

162.7 

0.992 

1.84 

18.2 

0.932 

18.03 

168.1 

0.990 

2.31 

22.9 

0.930 

18.64 

173.4 

0.988 

2.80 

27.7 

0.928 

19.25 

178.2 

0.986 

3.30 

32.6 

0.926 

19.87 

184.2 

0.984 

3.80 

37.4 

0.924 

20.49 

189.3 

0.982 

4.30 

42.2 

0.922 

21.12 

194.7 

0.980 

4.80 

47.0 

0.920 

21.75 

200.1 

0.978 

5.30 

51.8 

0.918 

22.39 

205.6 

0.976 

6.80 

56.6 

0.916 

23.03 

210.9 

0.974 

6.30 

61.4 

0.914 

23.68 

216.3 

0.972 

6,80 

66.1 

0.912 

24.33 

221.9 

0.970 

7.31 

70.9 

0.910 

24.99 

227.4 

0.968 

7.82 

75.7 

0.908 

25.65 

232.9 

0.966 

8.33 

80.6 

0.906 

26.31 

238.3 

0.964 

8.84 

85.2 

0.904 

26.98 

243.9 

0.962 

9.35 

89.9 

0.902 

27.65 

249.4 

0.960 

9.91 

95.1 

0.900 

28.33 

255.0 

0.958 

10.47 

100.3 

0.898 

29.01 

260.6 

0.956 

11.03 

106.4 

0.896 

29.69 

266.0 

0.954 

11,60 

110.7 

0.894 

30.37 

271.6 

0.952 

12.17 

115.9 

0.892 

31.05 

277.0 

0.950 

12.74 

121.0 

0.890 

31.75 

282.6 

0.948 

13.31 

126.2 

0.888 

32.50 

288.6 

0.946 

13.88 

131.3 

0.886 

33.25 

294.6 

0.944 

14.46 

136.6 

0.884 

34.10 

301.4 

0.942 

15.04 

141.7 

0.882 

34.95 

308.3 


Ammonia : 

Brotherton & Co. Ld., City Chambers, Leeds. 

Standard Ammonia Co. Ld., 85 Gracechurch St., London E.C. 

Ammonia gum see Gum resin. 

Ammonia soda see Soda. 

Ammonia water see Gas water. 

Ammonite see Safety explosives. 

Ammonium compounds. The monovalent hypothetical group ammonium 
NH 4 behaves exactly like the alkali metals and unites with halogens as well 
as acid rests to form Ammonium salts. These salts are formed by the direct 
addition of NHg to the oxygen-acids and halogen acids. The bulk of the 
ammonium salts are obtained technically by the methods described under 
the article on Ammonia i. e. by the distillation of the gas liquors with lime. 
The gas is collected in acids. 

1. Ammonia see special article. 

2. Ammonium alum see Alums. 
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3. Ammonium acetate C2H3O2 . NH4. A solution can be obtained by 
neutralizing acetic acid with ammonia; on evaporating, however an acid, 
and not a neutral salt is obtained. The latter may be obtained by saturating 
warm glacial acetic acid with dry NH3 or ammonium carbonate. It is without 
odour, readily soluble, with an unpleasant salt taste, used in medicine, while 
the acid salt was formerly used as a preservative for articles of food. 

4. Ammonium bromide NH^Br. Obtained by neutralizing NH3 with 
HBr or by carefully adding Br to freshly prepared (NH4)2S, removing the 
sulphur so formed by filtration, and evaporating the filtered solution. 

According to the Germ. Pat. 138008 a concentrated solution of ammonium 
carbonate is saturated with bromine and then the mother liquor separated 
from the precipitated salts. It is again saturated with ammonium carbonate 
and bromine is again passed in. These operations are repeated until the 
percentage of Cl in the mother liquor necessitates a renewal. The principal 
advantage of this process is said to be that the precipitation of the bromide 
salt is brought about and the Cl compounds kept in solution without the 
necessity of evaporating the solution. 

NH4Br is a colourless salt much resembling sal-ammoniac and possessing 
a sharp salty taste, soluble in HgO and alcohol, turns yellow and becomes acid 
when allowed to stand in the air. 

5. Ammonium carbonate. The so-called sal volatile or spirits of hartshorn 
formerly prepared by the dry distillation of animal matters is now exclusively 
obtained by the sublimation of a mixture of equal parts of chalk and ammonium 
sulphate with about of the whole weight of charcoal powder. It is a 
mixture of ammonium bicarbonate NH4 . HCO3 and ammonium carbonate 
COiNHg) . 0 . NH4. Of late years also produced by the action of COg on 
NH3ga8(ina certain ratio) in the presence of steam. 

Crystalline white transparent mass which gives off NH3 in the air and 
absorbs HgO. It volatilizes without decomposition at 60®; 1 part salt is 
soluble in 4 parts HgO at 15®, and in 1.6 parts at 60® C. Used in dye works, 
for cleaning clothes &c, (removing fat), and in medicine. 

6. Ammonium chloride (Sal ammoniac) NH4CI. It is manufactured 
commercially solely from the NH3 in the gas liquors and the distillation 
products of animal matters. The NH3 vapour expelled from the gas-liquors 
after the addition of Hme, is caught in HCl solution. It is better, however, 
to runitraUzc cone, ammonia water with HCl. Sal ammoniac is also a secondary 
product in the Solvay soda process (see under Soda). The manufacture of 
NH4CI by decomposing (NH4)2S04 with KCl seems to be attaining importance, 
ddie purification of NH4CI is generally carried out by recrystallization or 
suldimation. 

Crude sal ammoniac is yellow, the pure salt white; crystallizes in 
small octahedra or cubes Sp. Gr. 1.522; odourless and of a sharp salty taste. 
100 pts. HgO dissolve 32.8 pts. at 10®, 72.8 pts. NH4CI at 100®. Formerly 
much more used than now. It is used in the manufacture of ammonium com- 
})ounds and dyes, in cloth printing, soldering and in the tinning and zincing 
of Cu and Cu alloys &c. 

Chloride of ammonium: 

illy Manger, Dresden, Germany. 

7. Ammonium chromates, a) Ammonium chromate (NH4)2Cr04. Obtained 
by supersaturating a CrOg solution with NH3 and evaporating the liquid; 
forms yellow crystals of pungent taste, readily soluble in HgO. According 
to the Germ. Pat. 143320 and 146691 ammonium chromate is obtained by 
electrolysing the solution of any ammonium salt, using a diaphragm, and an 
anode of chromium or chromium alloy. An insoluble anode may however 
also be used instead of the Or anode, but in this case the electrolyte must 

Bluchor. 4 



50 


Amoniitm compounds. 


consist of a mixture of chromium sulphate and ammonium sulphate, which 
is kept alkaline by the addition of lime. 

b) Ammonium bichromate (NH4)2Cr207. Can be obtained by adding 
the required amount of CrOg to the neutral salt. Commercially however it is 
obtained directly by heating chrome-iron stone with lime in a furnace. CaCrO. 
is formed; this is converted by H2SO4 into C&Cvfi^ and this salt is decomposed 
with an ammonium salt, forming (NH4)2Cr207. According to the Germ. Pat. 
143251 in the electro-metallurgy of chrome-iron stone use is made of such 
oxidizing agents as are not decomposed by hot dilute HgSO^ (e. g. PbOg, MnOg, 
KMn04 &c.) ; these oxidizing agents can be regenerated by the electrolysis 
of the solution. According to the English Pat. 2223 (1903) the calcium 
chromate, obtained in the metallurgy of chrome ores, is washed with HgO 
and treated with NH3 -f CO2; the ammonium chromate formed is treated 
until the half of the NH3 is expelled and ammonium bichromate separates out. 

(NH4)2Cr207 forms red monoclinic crystals which are three times as soluble 
in HgO as K2Cr207. It is, however, not so cheap as the latter. On heating 
pure Cr203 is obtained. 

8. Ammonium cyanide NH4 . NC. According to the Germ. Pat. 132916 
valueless zinc ores of suitable kind (e. g. Galmei) arc dissolved in dilute NH3 
and into this ammoniacal solution the gases from coke-furnaces or impure 
coal gas is passed; the zinc is thus precipitated as ZnS. Besides this, zinc 
cyanide is also formed, for the impure gases also contain cyanide compounds- 
the zinc cyanide is however decomposed by the HgS, so that finally ammonium 
cyanide is obtained as a secondary product in the manufacture of ZnS. Other 
methods are also to be found under potassium cyanide (see Potassium 
compounds) ; most of the methods there described can be used for the pre- 
paration of ammonium cyanide, by making the necessary modifications. 

9. Ammonium fluoride NH4F. Obtained by the action of NH. on HF 
or by the sublimation of a mixture of NH4CI -f NaF. Deliquescent crystals 
very easy to sublime, etch glass even in the dry state. On heating NIL is 
driven off and the still more powerful acid salt NH4F . HF remains behind, 
inis salt IS principally used for etching glass. 

/1 009 FORMATE HCOg . NH4. According to the English Pat. 2200 

0903) It IS obtained by exposing a gas, which contains H, 0, N, andCO (e. g. 
llowson gas or watergas), or a mixture of gases with air. to the action of silent 
electric discharges or brush discharges in the presence of a porous catalyticagent 
at a temp, above 80«C. (this results of itself if the mixture is not cooled). 
D 80®C. NH3 is formed by the same process. The Amer. 

Pat. 776543 and the Germ. Pat. 157287 are quite similar to this and are 
described under Ammonia. In both NH3 is formed when the apparatus is 
cooled, and aminonium formate when the apparatus is not cooled. Ammonium 
formate may also be obtained by double decomposition with other salts 
(e. g. from the calcium salts). 

Carbonate of Ammonia: 

Forbes, Abbott & Lenoard Ld., 85 Gracechurch St., London E.C. 


.nH ■ I NH, . NO,. It is obtained commercially almost 

entirely by passing NH, vapour into HNO,. The deUquescent salt is separated 
from the mother liquor m the centrifugal machine and packed in ajr-tight 
oases. In recent years other modes of formation have been discovered. Thus 
It may bo obtained (according to the Germ. Pat. 149026) by the reaction 
between ammonium sulphate and sodium nitrate. Care must however be 



Amonium compounds. 


51 


taken that the latter is present in great excess. The reaction can take place 
either in aqueous solution or by carefully melting together the two salts 
in the solid state. The Germ. Pat. 166746 and 184144 describe similar methods 
of preparation. According to the Amer. Pat. 754668 a mixture of lead or 
a lead compound and hydrofluosilicic acid of Sp. Gr. 1.80 is heated and 
a nitrate is added to the solution of lead silicofluoride thus obtained. Finally 
the Pb(N03)2 is decomposed with NH^F. 

According to the Germ. Pat. 177172 and 178620 highly concentrated 
solutions of the nitrates of the alkalies or alkaline earths are treated with 
a mixture of gases containing ammonia and COg (e. g. those produced in coal 
distillation). It is important that all HoS should first be removed by treatment 
with iron oxide. Germ. Pat. 166427 describes the preparation of NH4NO3 
free from nitrites. 

Colourless crystals of bitter taste, extremely readily soluble in HgO. Melt 
between 150® and 160®. It is used as a freezing salt (for making ice), for the 
manufacture of NgO (laughing gas) as well as in blasting. 

13. Ammonium oxalate (NH, 1)30204. Obtained in colourless crystals by 
saturating a solution of oxalic acid with NH3 and evaporating. Crystals 
are soluble in about 20 parts of HgO and decompose on heating with the for- 
mation of oxamidc (CONH2)2- If an equivalent amount of oxalic acid be 
added toa solutionofthe salt, and then the liquid evaporated until it crystallizes, 
ammonium binoxalate (acid ammonium oxalate) NH4 . HC2O4 is obtained. 

According to the Germ. Pats. 111078, 144150 and 161512 it might be 
conceivable that ammonium oxalate could be obtained directly by heating 
ammonium formate; the process however in the case of the ammonium salt 
seems not to be advantageous. The second of the above mentioned patents 
provides for the addition of ready made ammonium oxalate on heating, and 
the third for the addition of alkali, which is said to simplify the reaction and 
increase the yield. 

14. Ammonium perchlorate NH4CIO4. The preparation is similar to 
that of potassium perchlorate (see No. 25 under Potassium compounds). 

15. Ammonium persulphate (NH4)2S208. Obtained by the electrolysis 
of (NH4)2S04 in H2SO4. For details see under Persulpiiates. 100 pts. HgO 
dissolve 58 pts. of salt at 0®. A solution of ammonium persulphate in H2SO4 
is used under the name of Caro’s Reagent (see article on Reagents). 

10. Ammonium phosphate (NH4)2HP04. Obtained on a commercial 
scale by passing NHg vapour into cone. H3PO4 and evaporating the solution. 
Large colourless crystals of salty taste, readily soluble in HgO. The salt 
gives off NH3 in the air and gradually changes into the acid (primary) salt 
(NH4)H2P04. It has been used in recent years as an excellent manure. 

17. Ammonium sulphate (NH4)2S04. It is chiefly obtained from 
Gas liquors (see this) either by treating the latter directly with H2SO4 and 
evaporating the liquid, or by driving off the NH3 after adding lime, and 
then passing the vapours into H2SO4. In the first case, the adhering brown 
tarry matter must be removed either by drying the salt on heated plates, 
or by dissolving it again and filtering it through animal charcoal. It is also 
obtained from putrified urine, and from the ammonia waters of the bone 
charcoal factories, and as a secondary product in other processes. English 
Pat. 20837 (1905) protects a process by which it is recovered in cyanide 
manufacture. 

It forms colourless crystals of sharp salty taste, insoluble in alcohol. 
They contain no water and do not decompose in the air. 100 pts. HgO dissolve 
71 pts. at 0® and 97.5 pts. at 100®. It is used as a manure, for the manufacture 
of ammonia and other ammonium salts. 

18. Ammonium sulphides. Ammonium sulphide (NH4)2S is obtained in 
clear, glistening, readily soluble crystals by the action of 1 mol. HjS on two 

4 * 
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mols. NH4OH at a very low temp. Exposed to the air they lose NHg and are 
converted into ammonium hydrosulphide (NH4)HS. The latter (the real 
ammonium sulphide) can also be obtained in the form of a solution by passing 
H2S into a solution of ammonia at the ordinary temperature. It is obtained 
commercially by the distillation of sal-ammoniac and potassium sulphide 
or by heating a mixture of (NH4)2S04 or NH4CI and gas lime or soda residues 
with steam and condensing the ammonium sulphide in cooling chambers. 

Cryst. ammonium pentasulphide (NH4)2S5 may be obtained, according to 
Byers, by adding 95 % alcohol to an equal vol. of a concentrated ammonium 
sulphide solution which has been saturated with S and allowing the mixture to 
stand several hours. The pentasulphide separates out in orange red prisms. 

19. Ammonium sulphocyanide NH4CNS. With regard to the manufac- 
ture of the crude salt see under Sulphocyanide compounds. The pure salt 
is obtained from the former by recrystallization, or better by precipitating 
the (NH4)2S04 which is always found in the crude salt, with Ba (CNSja, 
pressing the precipitate and evaporating the lye until it crystallizes. 

20. Ammonium tartrate. Besides the neutral salt (NH4)2C4H40g an 
acid salt is also known (NH4)C4H50g. Obtained by the action of NHg on 
solutions of tartaric acid. 

21. Ammonium VANADATE. By dissolving vanadic anhydride VgO 5 in NHg, 
ammonium metavanadate is formed which is obtained on evaporation in the 
form of colourless crystals, free from water, insoluble in alcohol and sparingly 
soluble in HgO. It is used in dyeing and in cloth printing. As it colours an 
infusion of gallnuts deep black it is used for making black ink. 

23. Ammonium tin chloride (Pink salt) see Tin compounds. 

22. Ammonium zinc chloride (Soldering salt) see Soldering. 

Ammonium Compounds : 

Brothorton <fe Co. Ld., City Chambors, Leod.s, 

E. S. Spencer Ld., Drummond Rond, London S.E. 

Amperemeter see Electrical measuring instruments. 

Amyl acetate (Acetic acid isoamylester) CHg . COO . CgHji. It is 
prepared by allowing a mixture of 100 pts. of anhydrous sodium acetate, 
100 pts. fermentation amyl alcohol, and 130 pts. cone H2SO4 to stand 12 hours 
and then either distilling on the waterbath or separating the amyl acetate by 
the addition of HgO. It is then washed and purified. Glacial acetic acid 
may also be used instead of sodium acetate. Amyl acetate is valued on account 
of its odour, which resembles that of pears, and is used under the name of 
“pear oil” in the manufacture of fruit essences. 

Amyl acetate: 

C. Erdmann, Leipzig-Lindonau. 

Amyl alcohol CgH,! . OH. Of the 8 theoretically possible amyl alcohols, 
the inactive amyl alcohol (Iso-butyl carbinol or Iso-amyl alcohol) is the most 
important, as it is the chief constituent of fusel oil. The fusel oil obtained 
from potatoes contains a large amount. 

It is prepared by shaking raw potato fusel oil with slightly alkaline water 
in order to remove the ethyl alcohol, separating the top layer (fusel oil), 
dicing it with CaClg and distilling it on the sand bath. The portion which 
distills over between 130® and 135® is collected and again rectified. 

Pure amyl alcohol is a colourless oily liquid which boils at 129® — 131® and 
possesses a sharp taste and penetrating unpleasant smell Sp. Gr. 0.826 at 0®; 
miscible with ethyl alcohol and ether, dissolves fats and gums and bums with 
a blue flame; 39 pts. HgO dissolve 1 pt. amyl alcohol. 

It is used for the preparation of fruit essences, amyl nitrite, valeric acid 
and different aniline colours; it is also used as a lighting material, and for the 
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preparation, purification of, and as a test for many alkaloids. Amyl alcohol is 
poisonous; even the vapours when inhaled are injurious. Compare article 
on Fusel oils. 

With regard to the preparation of pure active amyl alcohol from molasses fusel 
oil see the note byMARCKWALD in the Ber.d.Deutsch.Chem. Ges.35, 1595, 1902. 

Rectifying apparatns for amyl alcohol: 

Kric'drioh Hockinann, Berlin SO. 1C, Briickonstr. 6b (see atlvts.). 

Amyl nitrite . NO 2 . It is preparated by heating 10 pts. amyl alcohol 
with 2 pts. of starch to 1 (K)® and passing N 2 O 3 through the liquid. The amyl 
nitrite distils over and is collected in a receiver cooled by ice. The distillate 
is neutralized with dry Na . HCO, and dried with CaClg and then rectified. 

Clear, mobile, pale yellow liquid which boils at 97® — 99 ®C. and possesses 
a smell resembling that of various fruits. It is inflamable, insoluble in 
iigO, readily miscible with alcohol, ether, chloroform and benzene. Sp. Gr. 
0.877 at 15® C. It is used in medicine for head aches, epilepsy and asthma 
(inhaling the vapour). Great care must be exercised in its use. 

Amyloform. Chemical compound of formaldehyde and starch. Nothing 
certain is known with regard to its preparation. 

A white powder which swells up in H 2 O and is used for treating and drying 
wounds. It is used as a specific for colds. 

Amylum see Starch. 

Analgene (Benzanalgbne). o-Ethoxy-ana-benzoylamidoquinoline 
C,U,(0.Cfi,) (NH.CO.CA)N 

Tlie manufacture is protected by the Germ. Pat. 60308 ; the starting point is 
0 . oxyquinoline. 

White tasteless powder almost insoluble in HgO sparingly soluble in cold 
Imt more readily in hot alcohol M. P. 208®. ?! 

It is taken internally for rheumatism, gout, nervous troubles &c. It reduces 
fever and causes perspiration. 

Analysis. See under the separate articles on Electrolysis, Elementary 
ANALYSIS, Gas analysis, Colorimetry, Volumetric analysis (also Alkali- 
metry) and Spectroscopic analysis. 

Table of factors for the calculation of the analyses, see Appendix. 

Analytical reagents: 

Er. ('. L. Marquart, ohoin. Fabrik, Bouel a. Rhein (Germany). 


Anaesthesine = p-Amidobenzoic acid ethylester of the following constitution 




/NH,(4) 


( 1 ) 


It is obtained from p. nitrobenzoic acid ethylester by reduction with Sn -f HG; 
white crystalline powder extremely light, sparingly soluble in HjO readily 
soluble in alcohol, ether, benzene and fatty oils M. P. 90® — 91®. 

It is an excellent local anaesthetic used for wounds of all descriptions, skin 
diseases, ulcers &c. It is taken internally as a soothing draught for vomiting 
and other digestive troubles. Used externally as a powder, and as a 5 — 20 % 
ointment mixed with dermatol and starch. Taken internally in doses of 
0.2— 0.5grm. daily. 

Anatto see Vegetable dyes. 

Anethol (Propbnylphenolmethylether) 


n^/CH = CH.CH3(l) 
'"8"*\0CH3 (4) 
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The essential constituent of aniseed oil, prepared from it by repeated 
fractional distillation or separated by freezing. The synthetic preparation 
is not carred out on a commercial scale. M. P. 21.6, B. P. 232®. It serves 
as the starting point in the preparation of Anisaldehyde (q, v.). 

Anhydride see Sulphuric acid anhydride. 

Aniline (Amidobenzene, Phenylamine) CgHgNHj. It is prepared 
commercially by the reduction of nitrobenzene according to the equation 
• ^^2 4" 3 H 2 = CgHg . NHg + 2 H 2 O. The reducing agents are almost 
always Fe HCl and the reduction is carried out in vessels which are mechani- 
cally stirred and heated by steam. At the close of the reaction the 
acid is neutralized with lime and the aniline driven off with high pressure 
steam into a receiver where it colleets under the water and is run off by 
means of a tap. If it is required absolutely pure it is redistilled; the rectifi- 
cation is now usually carried out in vacuo, 

A new mode of formation of aniline and its homologues (Germ. Pat. 139467) 
is based on the reduction taking place in the presence of finely-divided metals : 
reduced Cu acts most favourably. If the vapour of nitrobenzene mixed with 
excess of H (or water gas) be passed oyer a layer of reduced Cu at a temp, of 
300 — 400®, it is at once reduced to aniline. The metal suffers no alteration 
in this process and so may be used over and over again. 

The electrolytical manufacture (protected by different patents) seems 
likely to be of practical importance. The nitro-derivatives are converted into 
the amines in the presence of metallic salts which are at the same time deposited 
on the cathode. By using Cu salts a yield of 80—90 % or more is obtained. 

The Germ. Pat. 144809 describes an interesting process for the preparation 
of aniline and its homologues from the corresponding nitro-bodies. 

The reducing agent is sodium disulphide NagSgi the reaction is expressed 
by the equation . NOg -f H 2 O -f NagSg == . NHg + For 

example 240 pts. cryst. sodium sulphide, 32 pts. S, 200 pts. of HjO are'mixed 
in a boiler provided with a mechanical stirring apparatus and a reflux con- 
denser. The whole is brought into solution by boiling and then 123 pts. 
CgHg . NO 2 are allowed to flow into the solution. After 12 hours boiling and 
stirring the reaction is finished. The lye and the oil can be easily separated 
after standing for a short time. 

The aniline oil is then washed and purified in the usual w^ay by distillation 
in vacuo. Sodium thiosulphate is obtained from the aqueous lye by evaporating 
and allowing it to crystallize. Pure aniline is a strongly refracting, colourless, 
liquid of peculiar smell. Sp. Gr, 1.0265 at 15®. B, P. 182®; it readily 
volatilizes with steam. It is readily soluble in alcohol, ether, and benzene, 
and to a slight extent in H^O. It dissolves sulphur, phosphorus, camphor 
and many other substances. Besides the pure aniline of commerce the so-called 
used to a still greater extent; these are impure products which 
nature of the nitrobenzene used in making them. 

The following distinctions can be made. 

1 ^0.1 blue or Blue aniline; almost pure aniline. Sp. Gr. 

1.034— 1.036, B. P. 180— 190®. 

2. Aniline oil for red or red aniline; a mixture of about 1 pt. aniline 
and 2 pts. para and orthotoluidine, B. P, 190—198®. 

^^^™e oil for safraninb; a mixture of 35—50 % aniline and 65 to 
50 % o-toluidine (sp. Gr. 1.032—1.034). It is distilled off from the fuchsine 
fu^on; these waste products are termed echappes or fuchsine echapp^s. 

Blue aniline is used for the preparation of methyl aniline, dimrethylaniline 
ethylaniline, diethylaniline, quinoline, quinaldine, induline. sulphanilic acid, 
fuchsine, aniline blue, aniline black, many azo-dyes &c. 
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Red aniline is principally used for the manufacture of fuchsine; aniline for 
safranine, as indicated by the name, for the preparation of safranines. 

Aniline salts. CgHs . NH2 . HCl. The hydrochloride of aniline. It is 
obtained by saturating aniline at 100® with HCl (free from Cl.) After standing 
a few days the salt separates out. It is then freed from the mother liquor 
in a centrifugal machine and dried at 50®. It is used in large quantities for 
dyeing black on cotton. 

Aniline : 

Wornor Pfleiderer & Perkins Ld., Peterborough. 

Rectifying apparatus for aniline: 

Friedrich Hockrnann, Berlin SO. 18, Briickenstr. 6b (see advts,). 

Aniline derivatives. Only the most important derivatives and those which 
arc closely related to aniline, are given here. The others have been treated 
separately or are classed under different articles. 

a) METHYLANILINE DERIVATIVES. 

1. Mono METHYLANILINE C6H5(NH)CH3 obtained by heating methyl- 
alcohol and aniline salt to 200® 

CH3 . OH + CfiHs . NH2 . HCl = CeHg . NH . CH3 . HCl + H^O. 

The methyl alcohol used must be free from acetone. The reaction takes 
place in autoclaves made of enamelled east iron. An attempt has also been 
made to manufacture this substance electrolytically French Pat. 334726. 

Colourless liquid (Sp. Gr. 0.976 at 15® C.). B. P. 191®. 

2. Dimethylaniline (C^Hg . N(CH3)2 is either prepared as in the case 
of monomethylaniline (using however twice the amount of methyl alcohol) or 
more commonly by the action of methyl chloride on aniline. A mixture of 
aniline and NaOH is heated in an autoclave (fitted with a stirring con- 
trivance) to 100® under a pressure of 5 — 6 atmospheres and then the required 
amount of CH3CI is added, the whole being constantly stirred 

CgHg . NH2 -f 2 CH3CI + 2 NaOH = CgHg . N(CH3)2 + 2 NaCl -f 2 H^O. 

At the end of the reaction the dimethylaniline is driven off with steam 
and purified by rectification (fraction 198 — 205®). 

Colourless liquid, Sp. Gr. 0.9553 (at 15®). M. P. + 5®. Boil pt. 192®. 

3. p-Nitrosodimethylaniline C^H 4 . N(CH3)2 . NO. Is obtained accor- 
ding to an earlier process by the action of NgOg (NaNOg + HCl) on dimethyl- 
aniline. 

Green plates which may be partly volatilized in steam. M. P. 92 — 93®. 

b) ETHYLANILINE DERIVATIVES. 

1. Monoethylaniline CgHg . NH(C2H6). Obtained in the same way as 
monomethylaniline. 

Colourless liquid Sp. Gr. 0.954 (at 15® C.). B. P. 204®. 

2. Diethylanilinb CgHg . N(C2H5)2 prepared in the same manner as 
dimethylaniline. 

Colourless oil. Sp. Gr. (at 15®) 0.937. B. P. 213.5®. 

For the remaining aniline derivates see Diphenylamine and Methyl- 
biphenylaminb under Diphenylamine. Nitranilinb. Phbnylenbdiaminb. 
Amidobenzenesulphonig acid under Benzene compounds and Sul- 
phanilio acid. 

All the aniline derivatives are used more or less for the manufacture of dyes 
and also partly for making pharmaceutical and other preparations. 

Aniline colours see Coal tar dyes. 
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Aniline black. A coal-tar dye of unknown constitution, of great importance 
on account of its use in cotton dyeing. It is formed by the oxidation of acid 
aniline salt solutions with MnOg, PbO ,2 KMn 04 , with chromates, KClOg, 
ferric salts&c., especially in the presence of small amounts of Cu and vanadium 
compounds, which act as oxygen carriers. It has the formula (CeHgNlx. 

On account of its insolubility, the aniline black is formed directly on the 
fibre by dipping the latter into a mixture of aniline salt and oxidizing agent 
and causing the oxidation by means of “steaming”. 

Ready made aniline black in the form of paste is used for cloth printing. 

It is a mixture of salts (mostly chromates); the base is termed Nioraniline 
Of recent years aniline black has also been manufactured by the electrolysis 
of aqueous aniline salt solutions (using electrodes of platinum or carbon). 
It is obtained on the anode. The sulphonated dye is then reduced by means 
of the electrolytically formed H to Aniline white which is used in the 
dyeing vat. 

For vegetable fibres aniline black still takes the most prominent position 
amongst all black dyes. With regard to its different uses the last few years have 
brought such numerous innovations and improvements that they can not 
even be alluded to in this place. We refer our readers to the excellent special 
work by Noeltino & Lehne “Anilinschwarz und seine Anwendung in Farberei 
und Zeugdruck.” 

Animal charcoal. By this term is meant all charcoal obtained by the 
ignition of animal substances with the exclusion of air. We may distinguish 
bone-charcoal, blood-charcoal, and flesh charcoal. 

Animal charcoal manufacturing plants: 

Max Friedrich & Co., Leipzig-PIagwitz 17. 

Animal dyes. 

1. Alkermes see No. 9 Kermes. 

2. Carmine see No. 3 Cochineal. 

3. Cochineal. A dye which consists of the dried bodies of the female 
shield louse Coccus Cacti. The wingless females which are bred on different 
kinds of cactus are collected and killed by means of boiling water, steam, 
or dry heat and then brought into commerce as oval bodies 1—2 mm long. 
A difference is made between the silver-grey and the black cochineal according 
as the bodies have lost or retained the white coating of wax. The dye in 
cochineal is carmine or carminic acid. 

Besides cochineal itself, a red dye, carmine (cochineal carmine) also comes 
into commerce and is a delicate powder obtained by precipitation of a cochineal 
decoction with acid or an acid salt. The method of manufacturing carmine 
is kept secret; usually it is an aluminium-lime albuminate of carminic acid. 
Carmine lake is also obtained from cochineal and is known under the names 
Florentine lake, Vienna lake and Parisian lake. It is obtained by 
precipitating alkaline cochineal solutions with alum or with alum and tin salt. 
By digesting powdered cochineal with NHg (with exclusion of air) and precipi- 
tating the resulting solution with aluminium nitrate the Cochinille ammonia- 
cale is obtained which comes into commerce in dark brown tablets. Finally 
cochineal is pressed into the form of cakes and is then known as Cochineal 
oake. 

Carmine and carmine lake are used as water colours and oil colours; it 
is now only very rarely used for dyeing wool (with AljOg or tin mordants). 

Cochineal 

4. Euxanthinic acid see No. 14 Purree. 

6. Dyer’s lake see No. 11 Lao dye. 
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6. Florentine lac see No. 3 Cochineal. 

7. Indian yellow see No. 14 Puree. 

8. Carmine and Carmine lac see No. 3 Cochineal. 

9. Kermes (Alkermes; Kermes berries: Scarlet corns). The dried 
females of the shield louse, Coccm llicia, which arc brought into commerce 
as brown red corns as big as peas. They contain a red dye, related to carmine^ 
which is used in Turkey for dyeing head gear (Fez). Kermes is no longer used 
for other purposes. 

10. Cochinille see No. 3 Cochineal. 

11. Lac-Dye (Dyer’s lac). A dye which is also derived from a shield louse 
('(icciis Lacca (Coccus Ficus). The insects which live in the East Indies 
on the twigs of different species of Ficus are covered by the latex of the 
plants, which flows out when the insects insert their stings, and then hardens, 
forming a dark red gum. These twigs covered with gum form the stick-lac 
(with 10 % dye). The gum which has crumbled off and generally contains 
much less dye is termed corn-lac (with 2.5 % dye). The red dye which can be 
('xtractcd from the gum with IL,0 is used exclusively for dyeing wool. It is 
dissolved in HCl and alumina or tin oxide is used as a mordant. The gum after 
being freed from dye is Shellac. 

12. Lack-lack sec No. 11 Lac-dye. 

13. Parisian lac see No. 3 Cochineal. 

14. Purree (Indian yellow). A dye exported from India and China. 

It is obtained from the urine of cows which have been fed with mango leaves. 

By this method of feeding, the yellow gall-dye is increased. Purree, the 
dyeing constituent of which is the magnesium salt of euxanthinic acid, is used 
for making the painter’s colour Indian yellow (jaune indien). 

15. Scarlet corns see No. 9 Kermes. 

16. Sepia (Sepia brown). A dye obtained from the ink-sac of the cuttle 
fish (Sepia). The contents of the sac are dissolved in NaOH and the filtered 
solution precipitated with acid. After the precipitate has been washed out 
it is mixed with a solution of gum and moulded into little blocks. Sepia is a 
water colour. 

17. Vienna lac see No. 3 Cochineal. 


Animal fibres see articles on Silk and Wool. 

Animal oil (Oleum animale) is a dark brown oil obtained by the dry 
distillation of animal matter, more especially bones. It contains pyrrol and is 
especially rich in pyridine bases. Used for denaturing spirits. 

Anisaldohyde (Aubepine, Phenol 4-methylal-1-methylether) 
p rr /COH (1). 

(4) 

Prepared by the slow oxidation of anethol (q. v.) with a solution of 2 parts 
KoCVjO- and 3 parts sulphuric acid in 8% parts of water. At the end of the 
reaction the mixture is distilled wdth steam and the oily part of the distillate 
purified by treatment with a bisulphite solution. 

A colourless oil having a strong smell of hawthorn. Of late it has been 
largely used in perfumery. 

Aniseed oil (Oleum Anisi). Volatile oil obtained from aniseed {Fructus 
Anisi) the fruit of Pimpinella Anisum, by distillation with HgO. The different 
species of this fruit contain between 1.9 and 3.5 % of the oil. 

Colourless or pale yellow, peculiarly aromatic-smelling volatile oil of a sweet 
spicy taste S. G. (at 150) 0.980—0.990, It becomes solid at 19«. B. P. 
222 — 228°. Iodine number 186 — 274. Potash absorption 0.25 — 0,38 %. 
It consists of 80—90 % anethol (Aniseed camphor) which is considered 
the effective aromatic principle of aniseed oil. Aniseed oil (just as the recently 
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isolated anethol itself) is much used in perfumery and in the manufacture 
of liqueurs and is adulterated in many ways. The adulterations consist partly 
in mixing with inferior kinds and partly in the addition of other substances, 
■especially Stern aniseed oil. 

Anisidine (Methoxyaniline). Methylether of amidophenol CHg . 0. 
€gH4 . NHg. 0 anisidine an oil S. G. 1.108 is derived from o amidophenol 
and boils at 226.5® under a pressure of 734 mm. P anisidine is obtained 
from p nitrophenolmethylether (p nitranisol) by means of Sn-fHCl. It 
crystallizes in tablets M. P. 55.5® — 56.5®. 

Ankylotaphine. This is the name given to a disinfectant containing about 
15 % creosol which has recently been brought into the market and is intended 
as a disinfectant for miners’ worm disease (Ankylostomiasis). 

Anthion sec Photographic chemicals. 

Anthracene C14HJQ. Is a hydrocarbon of the constitution; 

CH CH CH 



which occurs in coal-tar and is obtained from the higher boiling portion of 
the same, that fraction which boils above 270® being collected separately and 
known as anthracene oil. 

Anthracene oil is a yellow-green buttery mass containing numerous crystalline 
scales. S. G. 1.085 — 1.095. It contains about 3% anthracene. Formerly the 
amount was considered to be about 20 % but it has now been shown that 
phenanthrene, fluoranthrene, carbazol, pyrene and other hydrocarbons are also 
found in it. The main constituents of the mixture of hydrocarbons knowiv 
as anthracene oil have not yet been scientifically investigated. 

In order to prepare anthracene the oil is allowed to stand several days 
in a cool place (eventually using artificial cooling) and then the liquid is re- 
moved from the crystals in the centrifugal machine or in a filter press. The 
crude product thus obtained is then more strongly pressed in a hydraulic 
press, which towards the end is heated. 

The crude anthracene thus obtained with a percentage of 25 — 40 % is then 
treated with solvents especially Solvent-naphtha with a view to removing 
the impurities. 

The complete purification of the anthracene is carried out by subliming it 
with high pressure steam. The early Germ. Pat. 111359 in which the crude 
anthracene was melted and then allowed to partly crystallize, the crystals 
being then treated with melted caustic alkali and finally with benzene, has 
been allowed to expire and therefore does not seem to have given satisfaction. 

The French. Pat. 335013 seems to be a modification of this process, According 
to this the crude anthracene is first completely melted (100®) and then allowed 
to cool down to 50®. This crystal mass is then drained from the liquid and the 
last traces of the latter removed in the centrifugal machine. In this way 
40—50 % anthracene is directly obtained. The French Pat. 349337 also 
seems to have proved a failure. Here the raw anthracene was treated with 
cone. H2SO4 in the presence of a solvent like naphtha CSg, or CCI4, in which 
it is insoluble. 

Numerous other methods have also been recommended for purifying 
anthracene but it is not known whether they have proved valuable. Anthra- 
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cene may be obtained specially pure by recrystallization from pyridine. The 
Germ. Pat. 68474 uses liquid SOg for purifying it, while the Germ. Pat. 113291 
lixiviates the crude anthracene with liquid ammonia in a closed apparatus 
under pressure which is said to dissolve chiefly the impurities. 

According to the Germ. Pat. 141186 the raw anthracene is not separated 
from the anthracene oil because the latter is a good solvent for the impurities. 
The strained oily mass of anthracene is treated with the common solvents 
(petroleum ether, acetone, benzene, pyridine &c.) so that a mixture of these 
with pt. anthracene oil i. c. an oil which boils at about 200 — 360® is used 
for purifying anthracene. 

The English Pat. 17641 (1903) aims at the purification of anthracene by 
the so called „sweating method“ generally employed in the paraffin industry, 
i. e. by warming (almost to the melting point) the crude anthracene in blocks 
or lumps, on shelves which are perforated, the heating being performed by 
superheated steam. In this way the more readily melted impurities melt 
and flow away. 

According to the Germ. Pat. 164508 a solution of crude anthracene in a 
solvent not miscible with H0SO4 is purified by treatment with cone. H0SO4. 
The latter is removed anci the anthracene separated. 

Purified anthracene comes into the market as a loose bright yellow mass 
resembling snow in texture, about 60 — 90 % pure. It is generally used in this 
state for the manufacture of anthraquinone, alizarin and their derivatives. 
Absolutely pure anthracene forms small white glistening plates with a violet 
fluorescence M. P. 216.55®; at a slightly higher temp, it readily sublimes. 
B. P. above 351®; insoluble inHgO; 1 pt. anthracene dissolves in 170 pts. 
alcohol 60 pts. carbon disulphide 110 pts. benzene, more readily in the higher 
hnmologues of benzene. 

Anthracite see fuels. 

Anthranilic acid (o-Amidobenzoic acid) CgH4 (NHo) . COOH. It is prepared 
by boiling phthalylhydroxylamine with alcoholic potash. The reaction is 
expressed by the following equation 

.00^ /NH., 

CeH^ >N .OH + H^O = “ + CO2 

GOGH 

Phthalylhydroxylamine is readily obtained (according to the Germ. Pat. 
130680 and 130681) from phthalic acid anhydride and hydroxylamine. It 
has however been shown that the above mentioned reaction between phthalyl- 
hydroxylamine and alcoholic potash frequently does not take place, and the 
Germ. Pat. 130301 and 130302 substitute this process by a treatment with 
aqueous NaoCOg or KjCO.^ solution, the phthalylhydroxylamine being replaced 
by its alkali salt. Another process (Germ. Pat. 135836 and 136788) starts 
from the free phthalylhydroxylamine, w'hich, on boiling with an aqueous 
solution of caustic alkali or alkali carbonate, produces a good yield of anthra- 
nilic acid. The phthalhydroxylamine acid is formed at ordinary temperature 
by treating phthalic anhydride with an aqueous solution of hydroxylamine 

We may also mention Germ. Pat. 133950. The starting point in this is 
phthalchlorimide which is digested wdth dilute NaOH yielding anthranilic acid. 

The Germ. Pat. 145604 protects a patent in which salts of o-chlor benzoic 
acid are heated under pressure to 125® with aqueous NHj in the presence of 
Cu or Cu salts. In this way anthranilic acid in obtained, but if the NH3 be 
replaced by aqueous solutions of monoalkylamines then anthranilic acids 
i«ay be obtained in which the N is combined with alkyl rests. 

Finally the Germ. Pat. 129165 and 138188 treat of a process in which 
o-nitrotoluene-p. sulphonic acid is converted by means of aqueous alkalies into 
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sulphoanthranilic acid CO2H : NH2 : SO3H =1:2:3 and this then turned 
into anthranilic acid by treatment with sodium amalgam. Boiling the o-nitro- 
toluenesulphonic acid with NaOH causes the simultaneous reduction of the 
nitro-group and the oxidation of the methyl-group so that sulphanthranilic 
acid is obtained. The o-nitrotoluene-p-sulphonic acid is obtained from p- 
toluenesulphonic acid which is a secondary product in the manufacture of 
saccharine. An improvement of the Germ. Pat. 129165, according to winch 
the sulphanilic acid is converted into anthranilic acid by means of sodium 
amalgam, is protected by the Germ. Pat. 146716. In this process the sulpho- 
group is split off by means of electrolysis in neutral or weakly acid solutions, 
using Hg or amalgamated cathodes. 

Anthranilic acid melts at 145^; it is used for the preparation of dyes and 
drugs. Anthranilic acid mcthylester is found in many essential oils and is 
now used for tho preparation of artifical flower perfumes. 

/CO 

Anthraquiiiono. CgH./ /C8H4 is obtained from anthracene by oxi- 

dation, potassium bichromate and dilute H0SO4 being used as oxidizing agents. 
The anthracene must be purified by sublimation and finely ground. The 
amount of bichromate to be employed depends on the purity of the anthracene 
(60 — 80 %). The reaction is carried out in a wooden vat lined with lead and 
fitted with a stirrer, capable of containing about 3000 1. 100 — 150 kg K2Cr207 
and 15(X) 1. HoO are brought in, heated to boiling point by means of steam 
and then 100 kg anthracene are slowly added, the mixture being constantly stirred. 
— Afterwards dilute H2SO4 (30 Be) is allowed to flow in. While the acid (140 
— to 210 kg) is being added, which takes about ten hours, the steam is shut off. 

It is then boiled for a short time allowed to cool to a certain extent and the 
crude anthraquinone separated from the mother liquor. After being washed 
and dried it forms a reddish yellow powder (115 — 120 kg) which may be further 
purified by dissolving in hot concentrated H2SO4. The further purification 
may be carried out with solvent naphtha or with pyridine bases. According 
to the Germ. Pat. 137495 this after-purification is better performed by nitro- 
benzene, aniline, or toluidine in which solvents the raw anthraquinone is soluble 
at the boiling point, and almost insoluble when cold. On cooling, the pure 
anthraquinone is deposited in crystalline needles which are then filtered off 
and washed with aniline oil. 

The Germ. Pat. 160104 aims at the preparation of anthraquinone from 
anthraquinone a-sulphonic acid. Although according to the Germ. Pat. 149801 
and 157123 the a-sulpho groups can be introduced into the anthraquinone 
nucleus by treating anthraquinone with sulphonating agents in the presence 
of Hg or Hg compounds; according to the new patent these groups can be 
split off again by heating the sulphonic acids to 190 — 200® in the presence 
of Hg or Hg salts with dilute H2SO4. 

According to the Germ. Pat. 152063 anthracene may be oxidized electro- 
lytically to anthraquinone in acid solution in the presence of cerium compounds. 
The experiments of Perkin and Fontana (Elektrochem. Zeitschr. 1904, 99) 
confirm this patent. The electrolysis is carried out most advantageously in 
20 % H2SO4 and salts of Cr or Mn may be used as oxygen carriers instead 
of those of cerium. 

Pure anthraquinone forms bright yellow, long, flexible needles, M. P. 273® 
to 274®. It can be sublimed without decomposition, and boils above 360®. 
Insoluble in HgO, sparingly soluble in alcohol and benzene. Readily soluble 
in cold cone. H2SO4; it can be precipitated unaltered from this solution by 
means of water. 

With regard to its use see article on Alizarin. 
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Anthrarobine. (Dioxyanthranol). 


.C(OH) 


H, (OH), 


Obtained by 


the reduction of alizarin with zinc dust and NH,. 

Yellowish or yellow-brown, odourless powder, very sparingly soluble in 
cold HjO more readily in hot H2O, moderately soluble in boiling alcohol. 
It is used externally in skin diseases. 


Anthrasol. A purified coal tar employed medicinally. 

It produces no irritation. The method of purification is not at present 
known ; a patent has been applied for. Later notices say that anthrasol contmns 
in addition to the purified coal tar juniper- wood tar. Mobile, bright 
yellow oil with a smell of tar, in appearance resembling olive oil, miscible with 
absolute alcohol, acetone, fatty oils, paraffine &c. ; it is used externally for 
itching skin diseases. 

According to the experiments of Bokorny (Chem.-Ztg. 1904, 990) its power 
as a disinfectant is not very great seeing that not even 0.1 % solutions can 
be prepared. The clinical experiences are however said to be very favourable. 

Antibenzinepyrin is the name given in commerce to the magnesium salt of 
oleic acid used to lessen the inflammability of benzene. 


Antibenzinepyrin : 

Willy Mangor, Dresden, Germany. 

Antichlors. By this name is meant all those substances which are suitable 
for rendering innocuous the chlorine remaining after bleaching. Usually sodium 
thiosulphate (or hyposulphite, as it is commonly called) (Na2S203 -f 5H2O) 
is used as an antichlor. 

Tliiosulphate is prepared technically by several different methods. For 
example by heating ^2804 with C, sodiuni sulphide in obtained and then 
SO2 is passed into the aqueous solution of this salt. On a large scale however 
it is obtained from alkali waste which when allowed to oxidize forms a mixture 
with a high percentage of CaSgOg. If this mass is then boiled with Na2S04 the 
calcium thiosulphate is converted into NagSgOg. 

In this last process the CaSO^ formed cements together with the NagSgO.^ 
and CaSgOg, and the product is known under the name ,, precipitated 
antichlor‘'. It is preferably used in paper manufacture as it „fills“ the paper 
and at the same time acts as an antichlor. 

Besides thiosulphate, also sodium bisulphite NaHSOg, hydrogen peroxide, 
and ammonia are used as antichlors. 


Aiitifobrin see Acetanilide. 

Antifriction metals. By this term is meant those metallic alloys which 
are chosen as material for bearings because they produce the smallest amount 
of friction. 

The most common antifriction alloys are so called ,, white metals*'. 
(Compare article on Antimony alloys.) Of the other antifriction metals 
w(; may mention that prepared electrolytically by Rieder. A plaster of Paris 
cast, which has been made a conductor by being covered with graphite is 
made the cathode in a copper electrolyte. 

After a layer of Cu has been deposited a second layer of graphite is put on , 
this is again covered with Cu, and so on. A copper plate is used as anode. 
Thti graphite reduces the friction, the metal is also suitable for dynamo brushes, 
stuffing boxes, piston-rod collar &c. (Chem.-Ztg. 1904, Report. 16.) 

The Germ. Pat. 148929 protects the manufacture of antifriction inetals 
of Cu, Sn, Pb, Sb and Fe. The beat results are said to be obtained by mixing 
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together cast iron and wrought iron in equal amounts and using the other 
metals in about the following proportions. 

a) For bearings : 3 pts. Cu, 0.6 pts. cast iron 0.5 pts. wrought iron, 6 pts. tin, 
76 pts. Pb, 15 pts. Sb. 

b) For coating the working surfaces of valves. 

8 pts. Cu, 0.5 pts. cast iron, 0.5 pts. wrought iron, 19 pts. Sn, 60 pts. Pb 
and 12 pts. Sb. The metals are mixed in the given order, first the copper 
and cast iron are mixed then the wrought iron added in small pieces so that 
it quickly dissolves, then the rest are added one after the other, each being 
melted in a special crucible. 

Antimony. Sb (Stibium) At. Wt. 119.9. It is obtained by roasting the 
antimony ore (antimony sulphide ; grey antimony ore) in a furnace and reducing 
the antimony oxide thus obtained with charcoal according to the equations 

2 Sbg S3 + 9 O2 = 2 Sbj O3 + 6 SO, 

2 Sba O3 + 3 C2 = 2 Sbg + 6 CO 

According to another process the ore is freed from S without being previously 
roasted by heating it with metallic iron. To the latter Na2S04 and C are 
added and in this way the separation of the metallic antimony from the iron 
sulphide is facilitated. 

2 Sbg S3 + 3 Feg = 2 Sbg -f 6 FeS 

The Germ. Pat. 148894 introduces an alteration'in this work of precipitation. 
In this process the Sb2S3 is not melted with Fe but the two substances are 
brought into a molten bath of iron sulphide, and allowed to react on each 
other. This sulphide bath serves to prevent waste of heat and covers the 
antimony ore, by which means the oxidation and volatilization of the anti- 
mony are diminished, while at the same time the heat of the bath is sufficient 
to allow the reaction to proceed. 

According to the American Pat. 796849 the antimony ores are treated with 
4 % NaOH at 50® and the antimony thus brought into solution. The latter is 
precipitated by COg and NagCOg at the same time formed. The NaOH is then 
regenerated from the Na2C03 by treating with lime. 

The crude antimony is rather impure; it is refined by fusing it with a small 
amount of antimony sulphide and soda. A second purification follows without 
any fresh addition of materials. 

Recently the methods for obtaining antimony electrolytically from its sulphur 
componds have become important. 

The Siemens-Halske process ap^ars especially worthy of mention. A. G. 
Betts has observed that solutions of FeCl3 readily dissolve SbgSg with formation 
of FeClg and SbClg, leaving a residue of sulphur. On this he bases a method 
for extracting Sb by electrolysing the solution obtained as above. The anodes 
are of carbon and the cathodes of Pb or Cu. Metallic Sb separates and FeClg is 
re-formed. The Sb falls to the bottom and is removed while a fresh supply of 
the electrolyte is added from above. A diaphragm is not necessary. 

According to English Pat. 15294 (1904) the above method is considerably 
improved if the electrolyte is a solution of antimony trifluoride. This can be 
prepared by dissolving the roasted ore in HF. Both electrodes are of lead. 

Pure antimony is a white metal glistening like silver. It crystallizes in 
coarse rhombohedra; very brittle and easily pulverised. S. G. 6.7 — 6.8 M. P. 
430®. It is hardly acted on by the oxygen of the air at the ordinary tempe- 
rature; combines directly with Cl, dissolves in aqua regia and is oxidized 
by HNO3. 

Antimony is used widely in the form of its alloys (see Antimony 
alloys) on account of its property of hardening softer metals. 
(Pb and Sn &c.). 
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The co^eroial wticle known by the name Antimonium Crvdvu is not 
crude antimony but antimony sulphide (SbjS,). It occurs naturally in the 
form of gray antimony ore which is first liquat^ or melted in such a manner 
M to separate the sulpbde from the rocky matter associated with it Thil 
hquationis camedout either interruptedly in crucibles, orcontinuouslyin tub^ 
The Antimonium cbudum is used in pyrotechnics for the prepSon of 
white toe, also aa a pamt for ships, as a glaze for earthenware and for the 
preparation of pharmaceutical substances. 

Antimonium critoum is also obtained by the wet method by boiline with 
HCl and passing HzS into the antimony chloride solution thus obtain^^ 

■* O' 

Antimony : 

JohMon, Mttthey & Co. Ltd., Hatton Qardon. London E.C. (see advt.). 

Antimony alloys. The property which antimony possesses of tendinir to 
increase the hardness of alloys and at the same time to render them more 

importont^a^re^**^"*”® importance. The most 

1. Hard lead (Antimony lead). Alloy of Pb and Sb in which the amount 

from 8-lo"o?Md tom ifi preparations contain 
Tfo^oef ^2. * • 16—18% Sb. This amount is seldom exceeded 

Its most important use is as type metal. In this case the proportion of sr^av 
nnL tlr« alloy becomes too brittle?^ For this speci-U 

purpose the addition of 10-20 «/„ Sn and a little Cu (or Ni) and K MeatTv 
improves Its properties. The Germ. Pat. 160994 protects an antimony lead 
hnXnnn \ Certain amount of sodium, which although of considmable 
hardness and great toughness is not brittle and can be worked well An allov 
Ims provrf serviceable which contains 100 pts. Pb, 1,5 pts Sb IndO 1 pt N? 
iJnr. ® metal. An alloy of Sn and Sb used for making house utensils 

itoO "/ Sn^a’nd“in 0 / *«•)• The alloy for this purpose geLrally consists 

oi yu /q ton and 10 % Sb, or better 90 % Sn. 8 % Sb and 2 o/ Tf 

andT"itt/e lealf pressed or stamped) it contains more Sb 

4 % Pb ^ facilitate the casting; for example 80 % Sn, 16 % Sb and 

^n antimony tin alloy, like 
caused ^ ’ iV makmg bearings and stuffing-boxes. It is uked be- 
stituents otoh™*']' amount of friction developed. The composition and coii- 
and vary widely; usually 70-90 o/sn, 8-16 o/o Sb, 

") 0/ (^„ „ bearings, for instance, is made of 86 % Sn, 10 % Sb and 

stu&ng bo|es“ onin^ 4 foJ®|“; % ^u; a white metal for 

white metals rich in Pb present; however, of recent years 

for bearings dvco Jetol Preferred For instance the metals used 

®etal, posfis^exBBll^nf^ ’ r?^ metal, magnohn metal, myrtle antifriction- 
aod aU^Sn abouT vs % PK constitution 

Antimony colours. 

'’ing oxychloride) Sb.Os . SbCl,. Prepared by dissol- 

g grey antimony ore in crude HQ and pouring the cleLr solution into 
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HgO. The algaroth powder is precipitated as a heavy white precipitate which 
must be quickly washed and dried. Good white colour. The high price, however, 
prevents it from being widely used. 

2. Antimony cinnabar (Antimony blende, red Antimony) SbeSgOa. 
Obtained by treating SbClg with NagSaGg in aqueous solution, within certain 
limits of concentration and proportions. On a commercial scale it is obtained 
by roasting antimony sulphide in a stream of air and steam, the SbgSgis partly 
converted into SbaO^ and this is dissolved in HCl. It is a fairly stable red 
dye of great beauty, very little inferior to the real cinnabar; used especially 
in art painting. 

According to the Germ. Pat. 1 60110 a brown antimony oxysulphide which 
can be used as a paint is obtained by heating the ores with an excess of C in 
a blast furnace. 

3. Substitute for white lead. (Antimony oxide) SboOg. It occurs naturally 
as white antimonyore and as antimony bloom; artificially obtained by roasting 
antimony sulphide. White paint with good covering power. 

4. Naples yellow see under Lead colours. 

Antimony compounds. 

1. Antimonic acid. Antimonic anhydride Sb205 is obtained by oxidizing 
metallic antimony with fuming HNO3. The true antimonic acid forms different 
salts most of which are derived from orthoantimonic acid H3Sb04, others 
from pyroantimonic acid 11486207 and others from metantimonic acid HSbOg. 

2. Antimony fluoride SbF^. Obtained by dissolving SbgOg in HP and 
evaporating. M. P. 292®, For some time it was used as a mordant. It has, 
however, been replaced by sodium antimony fluoride (see No. 11) and antimony 
salt (see No. 6). 

3. Antimony oxalate. On adding oxalic acid to an acid solution of SbCl^, 
the oxalate of the formula 8b0HC204 separates out. It forms different double 
salts of which potassium antimonyloxalate is one. This generally passes under 
the name of antimony oxalate. 

4. Antimony oxide 86203 (or 86406). Occurs naturally as white antimony 
ore and antimony bloom. According to the American Pat. 704367, antimony 
oxide is obtained by roasting the broken-up antimony ore, oxidation and 
reduction taking place alternately, and treating the antimony vapours with 
steam. The process is said to allow of a convenient preparation of all antimony 
compounds through the medium of the oxide 

The Germ. Pat. 161776 protects a process for the preparation of 8630^ 
from antimony sulphide, in which the latter is treated with H28O4 in the 
presence of alkali sulphate at 130® and the antimony alkali double sulphate 
extracted with H2O. 

Antimony oxide forms white crystalline needles which turn yellow when 
heated and volatilize above the melting point. 

If Na2C03 be mixed with SbClg in aqueous solution, white amorphous anti- 
monylhydroxide SbO . OH separates out. A series of salts (antimonyl com- 
pounds) is derived from this compound. 

5. Antimony pentachloride SbClj. Obtained by saturating fused 
SbClg with Clj. Strongly fuming yellow liquid M. P. — 6®, very readily decom- 
posable. 

6. Antimony pentasulphide (Sulphur gold) SbgSg. If Sbo^Sg be boiled 
with 8 and NaOH sodium thioantimonate (Schlippe’s salt) NagSbS. -f 9H2O 
crystallizes out of the filtered solution. The solution of this salt is treated 
with HCl which precipitates antimony pentasulphide 2Na3SbS4 -j- 6HC1 
= 86385 -f- 3H2S -f 6NaCl. The pentasulphide forms an orange red powder 
which is readily soluble in alkalies and alkali sulphides and decomposes into 
Sb2S3 and S on heating. 
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gb^Ss was formerly much used in medicine but now only finds employment 
for vulcanizing and imparting a red colour to caoutchouc. 

7. Antimony salt. Under this name are known different mix- 
tures which are double salts of SbFg with alkali sulphates, or with 
alkali fluorides. They are obtained by different methods. Antimony 
fluoride is present in all. 

Of late years they have been used on a large scale as mordants in dyeing 
and cloth painting and so are gradually displacing tartar emetic (see No. 10) 
mainly on account of their cheapness and solubility in HgO. 

Antimony salt must not be used in earthenware or glass vessels because 
these are attacked by the salt. 

8. Antimony sulphide; antimony trisulphide SbgSg. See article on 
Antimony. 

9. Antimony trichloride (Antimony chloride, butter of antimony. 
SbGlg. Obtained by distilling a solution of Sb2S3 in cone. HCl. Colourless 
crystalline plates of the consistency of butter. Obtained in solid ghstening 
crystals by recrystallisation from CSg. M. P. 73®. B. P. 223.5®. Sp. Gr. 
(at 25®) 3,064. Delequiscent. 

10 . Potassium antimonyltartrate (Tartar emetic) K(SbO) €411404 
% HgO. Prepared by precipitating SbClg with HgO and boiling the 

a itate of SbOCl with soda solution. 4 pts. of the ShgO, thus obtained are 
red in 5 pts. cream of tartar (KC4H5O6) and 50 pts. HgO. After being 
filtered the solution is evaporated to the point of crystallization. 

Tartar emetic forms white crystals having a metallic and nauseating 
sweet taste, which effloresce in the air and are insoluble in alcohol. 1 pt. 
tartar emetic dissolves at 20® in 13 pts, HgO, at 50® in 6 pts. HgO. The sodium 
antimonyltartrate which is soluble in 2 pts. cold HgO is also known under 
the name tartar emetic. 

It is used in medicine as well as in dyeing. 

1 1 . Sodium antimony fluoride SbFg . NaF forms beautiful crystals readily 
soluble in cold HgO. Even very dilute solutions do not decompose. Acid 
antimony fluorides (e. g. SbFg . HF) are also known under the name antimony 
double fluoride. 

Uses see Antimony salt. 

Antinervine. A mixture of 50 pts. acetanilide, 25 pts. salicylic acid, and 
25 pts. ammonium bromide. 

It is prescribed for neuralgia, head-ache, bilious head-ache &c. 

Antinonnin = o-DinitrocreosoIpotassium CgHg (OK) (N02)2 CHg. 

A dye known also under the name of saffron substitute; it is however, no 
longer used as such. It is prepared according to Noelting and de Salis by 
converting nitro-o-toluidine into the diazo-compound, allowing the resulting 
diazotoluene nitrate to drop into boiling HNO3 and neutralizing the 
precipitated dinitrocreosol with KgCOg. 

Seeing that, when dry, it is explosive, it is brought into the market in the 
i form of a 50 % soapy paste. The 0.1 % aqueous solution is used with 
I excellent results for spraying trees infected with the caterpillar of 
I Liparis monacha. 

I Antinosine = Sodium tetraiodophenolphthaleine. It is the sodium salt of 
[ nosophene (see this). 

I Blue crystals which are readily soluble; used for treating wounds; given 
internally as a stomach disinfectant. 

Antiputrol. This is the commercial name given to a yellowish brown, thick 
disinfectant which smells of tar and contains 65 — 70 % of phenols made 
soluble with soap. 

Bliichor. 5 
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Antipyrin (Parodyn). (2,3 Dimethyl-I-phenyl-5-pyrazolon) 

C.H5-N 

CHj— l/^CO 
CH, — (!i=(!!H 

It is prepared in different ways. The starting point is phenylhydrazine 
(CeHg . NH . NH-) and acetoacetic ester (CH, . CO . CHg . COO . CjHj). 

The phases of tne preparation may be illustrated by the following equations 


5 preparation may be illustrated by 
C.H 5 . NH . NH 2 -f CH 3 . CO . CHa . COO . CjHg 


= H,0 4- C,H 5 .NH.N:C/ 

^CHg 

Phenylhydrazine acetoacetic ester. 

N-C,H, 

= 0 


= C,H,.OH + 

Alcohol 


C,„H„N,0 + CHjS =CH, 


CHj — C- C = Hj 

Phenylmethylpyrazolon 

N-C,H, 

./\= 

CH. — 


0 

C — H 


I H 

Iodine addition product. 


C„H„N,OI ^HU- 


GH, 

CH, 


N-C.H, 
— N^ = 0 


Antipyrin. 


Antipyrin forms colourless and odourless crystals with a somewhat bitter 
taste M. P. 113®. It is soluble in less than 1 pt. HgO, in the same amount of 
alcohol and chloroform, but only soluble in 50 pts. ether. It acts as a base 
and forms salts directly with acids. 

It is a much valued drug for the treatment of fever, neuralgia and rheuma- 
tism. It is often prescribed in doses of 0.26 — 2grms daily. 

One of its salts Antipyrin mandblatb is prescribed for whooping cough 
under the name of Tussol. 


Antipyrinum amygdalinicum see Tussol. 

Antipyrinum eoffeino-citricum see MigrAnin. 

Antipyrinum salicylicum see Salipyrin. 

Antiquities. Of late years different chemists have been devoting their energies 
to finding out some rational method of preserving antiquities of iron and 
bronze, amongst others Fr, Rathgbn („Die Konserviening von AltertumS' 
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funden, Berlin 1898), Setlik („t)ber natiirliche und kunstlichePatina“,Chem.- 
Zts. 1903, 454) and D. A. Rhousopulos („t)ber die Reinigung und Konser- 
viening von Antiquitaten“, (Chem. Zeitschr. 1903, 202, 364). 

According to Rathoen (Chem.-Ztg. 1903, 703), the preservation of anti- 
quities may be attained in the four following principal ways. I. Preservation 
of the objects with the rust on them, by impregnating them with gum, 
varnish or paraffin, either with, or without, previous washing with water. 
II. Cleaning the objects by mechanically removing more or less of the rust 
or oxide. III. Removing the rust by dissolving it. IV. Removing the rust by 
reducing it to metal. One of the first two ways must be adopted if the metal 
is wholly or for the greater part converted into oxide. The third method is 
not to be recommended with bronzes as it is very difficult to wash the 
solvent (usually dilute HCl) entirely out of the interstices, with the result 
that the object is further attacked. 

For iron objects however, Blell’s process of treating them with dilute H2SO4 
has proved itself trustworthy. The last method, reduction, is the one which 
is nowadays generally carried out with objects which have a well preserved 
kernel of metal. 

For iron objects, two methods are employed, either heating in a stream 
of hydrogen, or galvanic reduction. In the last mentioned'method, the electric 
current is either produced outside the bath in which the reduction'^^takes 
place or in the bath itself, by bringing another metal into contact with the one 
to be reduced. Zinc, zinc dust, aluminium powder, or aluminium filings are 
used as reducing agents. The electrolyte may be either lemon Juice, dilute 
NaCl solution or dilute H 2 SO 4 . (Rathoen objects strongly to use the HCl 
proposed by Rhousopulos). In every case, the antiquity must bo washed for 
a long time with distilled HgO before treating it chemically, and the same 
must be done thoroughly afterwards, in order to remove even the most minute 
traces of the chemicals. After drying the object is dipped preferably into 
Zapon lac; paraffin is less good, and wax is decidedly injurious. 

Rathoen reports in the „Chem.-Ztg.“ 1903, 897 on the preservation of 
silver coins and small iron objects (of which the interior is still sound) by 
fusing potassium cyanide (a mixture of KCN and NaCN or of KCN and KoCO., 
may also be used) in a crucible and bringing the coin into the molten mass. 
The reduction is complete in a few minutes. The coin is then taken out with 
a pair of pincers boiled a few times in distilled HgO to remove the KCN, washed 
with alcohol, dried, and brushed with a moderately hard brush. It is hardly 
necessary to varnish silver objects, but other things are to be coated with 
„zapon“ varnish. Iron objects may be dipped directly into melted paraffin 
which removes the water, or, having previously been dried, they may be coated 
with „zapon“ lac. 

For larger objects KCN may be replaced by potassium sulphocyanide. 
Lead medals are treated by Rathoen (Chem.-Ztg. 1903, 825) with zinc dust 
and sodium hydroxide, and after the reduction, are carefully washed several 
times in warm distilled water and dipped, while still wet, into molten paraffin, 
which has been heated to 120 ® in a tall vessel. 

This vessel is necessary because the liquid froths and boils up so violently. 
When no more bubbles of steam rise from the medal the paraffin is 
allowed to cool down to about 70® C, and the medal is taken out, the excess 
pf paraffin being removed with a soft cloth. The medal may be then put 
into the collection, but it is advisable that it should never be touched except 
with gloved hands. 

The preservation of Babylonian clay tablets is described by Rathoen in the 
Lhem.-Ztg. 1903, 811, while Rhousoupulos (Chem. Zeitschr. 1903, 763) 
treats of the preservation of coloured clay objects; for fuller information we 
must, however, refer the reader to these works. 


6 * 



68 


Antiseptics. 


The above-mentioned use of zapon (see celluloid lac) for preserving 
antiquities is treated in a detailed manner by Rathgbn in ,, Prometheus** 
1904 486 and 499. Especially carefully prepared lac is used, archive zapon 
lac for paper, and zapon varnish for metals. These are solutions of nitro- 
cellulose Jn amylacetate with the addition of a small amount of camphor. The 
archive zapon lac contains also a small amount of oil so as to render the 
remaining zapon film more flexible. 

Antiseptics see Disinfection. 

Apolysin. Monophenetidine citrate. 

C.H. (0 . C^H,) NH . [COC,H. (OH) (CO.H)^.] 

This preparation. Germ. Pat. 87428 is prepared from p. phenetidine and 
citric acid. 

It is used medicinally as an internal remedy for neuralgic troubles, 
especially for migraine and the nervous ailmeqts attendant on and following 
influenza. 


Apomorphine C17H.7NO2. It is prepared from morphine by 

treating it to 150® with HCl. It is colourless, soluble with difficulty in water, 
but readily in alcohol, ether and CHag. The hydrochloride Cj^Hi^NOa . HCl 
forms crystals readily soluble in water and alcohol. 

It possesses powerful emetic properties particularly when injected sub- 
cutaneously. It is used medicinally as an emetic. 

Apple oil. Fruit essence with a smell of apples. It is the amyl ester of 
valeric acid and is used in confectionery and to some extent for catching 
night-moths. 

Apricot Ether see Fbuit Ethers. 

Aqua Distillata see Water. 

Aqua Fluoroformii see Fluoroporm. 


Araeometer. The scale of the Baume araeometer for fluids lighter than 
water is so arranged that the point at which the spindle sinks in a solution 
of 1 pt. of common salt in 9 pts. HgO is marked zero and the point at which 
it comes to rest in pure H2O is termed 10. From the marks so fixed the degrees 
are measured in both directions. TheBaum6 araeometers for fluids heavier than 
water mark zero when dipped into pure HgO and 10® when dipped into 
a lO®/0 solution ofNaCl at 17.6®. In the rational Baum^ araeometer now almost 
univerally in use the relation between Baum6 degrees n and the density 


of the fluid d is expressed by the formula d = 

144,3 — n. 

AtableofTwADDELL’s degrees, thearaeometer degrees mostly used in England 
will be found converted into Baum6 degrees in the appendix. 


Argentamine = Ethylene diamine silver nitrate. Liquor Argbnta- 
MiNi contains 10 pts. Ethylene diamine and 10 pts. AgNOg in 100 pts. HgO. 

It is a much used and well-known substitute for lunar caustic. Is especially 
applicable for gonorrhoea; also in cases of inflammation of the eyes, catarrh of 
the bowels &c. 


Argentan, German silver, see Nickel alloys. 

Argentum see Silver. 

Argentum nitricum = Nitrate of silver, see Lunar Caustic. 
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Argentum sulphuricum = Sulphate of silver, see Silver compounds No 4. 

Argonin. A preparation of casein silver obtained by precipitating a neutral 
alkaline solution of casein with AgNOg and alcohol. It is a white powder, 
easily dissolved by warming in H20- Used as a specially soothing remedy 
in cases of gonorrhoea for which it is greatly valued. 


Arhovin. 
zoic acid. 


Compound of diphenylamine and the ethyl ester of thymyl ben- 


C3h/co,.c,h 


\cX), 


N.H 


A liquid boiling at 218®, S. G. 1,065. Arhovin is an antiseptic, prescribed 
as an internal remedy in cases of chronic gonorrhoea. The most convenient 
form of administering it is in gelatine capsules containing 0,25 g of which 
3 — 4 are to be taken daily. Arhovin is also used as a local disinfectant in the 
form of small sticks. As an injection a 2 % oily solution is used. 

Aristol (Dithymyldiiodide) (CeHaOI . CH3 . 03117)2. Prepared according 
to Germ. Pat. 40739 by the action of a solution of potassium iodide on an 
aqueous solution of thymol in the presence of NaOH. 

Pale brownish powder, insoluble in water, soluble with difficulty in alcohol, 
more so in fatty oils and readily in ether and CHCI3. Used instead of iodoform 
as a powder, as a salve or in ethereal solution. 

It has been recommended for lupus and herpes, but is useful for wounds 
of every kind, 

Aristo paper see Photographic Papers. 

Aristoquin. The neutral carbonic acid ester of quinine CO (C2oH23N202)2- 
It forms a tasteless powder, without smell, melting point 189®, insoluble in 
HgO. It is recommended as a perfectly tasteless substitute for quinine salts. 
It is said to be quite as effective without the harmful consequences of quinine. 

Dose. For typhus and malaria 1 g once daily (or more). For colds and neu- 
ralgia 0.5 g daily once or oftener. Also valued as a remedy for whooping 
cough. Dose. 0.2 — 1.0 g daily given in small quantities at a time. 

Arsenic. As. Atomic weight = 75.1. Arsenic is obtained by heating arsenical 
pyrites = Fe(SAs)a in earthen pipes or jugs attached to receivers in which 
the sublimed arsenic condenses. It is purified by a second sublimation with 
powdered charcoal. 

Arsenic forms bright steel-grey pointed rhombohedra. Also found native 
as a mineral, S. G. at 14®, 5. 727. It is brittle and can be powdered; it 
sublimes without melting. By sublimation in hydrogen the so called amorphous 
arsenic is obtained^ Sp. Gr. 4.71. This again passes at 360® into the crystalline 
variety. 

If arsenic vapour is quickly cooled the yellow modification of As results; 
this again changes very rapidly into black As. To obtain large quantities, 
the^ arsenic vapour is conducted into strongly cooled CSg. By cooling to 
70® in the dark almost all the As separates as a yellow powder, this however 
on increase of temperature and exposure to light, again passes into the usual 
black modification. 

Metallic arsenic is now used in large quantities only for shot making and to 
8- certain extent for pyrotechnic purposes. It was formerly used in the manu- 
facture of white copper (china silver) but this application is much lessened on ac- 
count of the introduction of German silver and argentan. 

Arsenic colours. 1. Realgar, red orpiment, ruby sulphur, disulphide of 
arsenic &c., AsjSg, are found in nature, in the form of ruby red crystals but 
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0.1— 0.2 gramme is sufficient to kill an adult. It dissolves with difficulty 
in HgO, easily in HCl, but is quite insoluble in alcohol. S. G. of crystals 3.69, 
of the amorphous form 3.74. At a temperature of 218® it subUmes without 
melting yielding a colourless odourless vapour. 

True arsenious acid is not known in the free state but from a study of the 
arsenites its formula may be written H3ASO3. White arsenic is much used for 
the manufacture of arsenic preparations, {e. g. Schweinfurt green), for pre- 
serving corpses, as a mordant in calico printing and for the treatment of the 
hair used for making hats. It is also used in glass melting &c. Large quan- 
tities were also used in aniline works for the reduction of nitro-benzene; but 
other substances are now used instead. 

3. Arsbnio sulphides. 

a) Arsenic disulphide Realgar, As2S2. For occurence, method of manu- 
facture see Arsenic colours. 

Realgar is used in the manufacture of fire works, for removing the hair 
from skins, in the making of shot and in colour printing as a reducing agent 
for indigo. 

b) Arsenic trisulphide Orpiment AsgSg. For occurence and preparation 
see Arsenic colours. 

Orpiment is used as a reducing agent for indigo, partly also for unhairing 
skins, it is the Rhusma of the Orient. 

c) Arsenic pentasulphide AS2S5. This is obtained by fusing As and S, but 
also by the wet method of conducting heated HgS for a long time into a so- 
lution of As^Og containing an excess of HCl. 

It is a light yellow powder, easily melted, which dissolves readily in alkalies 
and alkali sulphides. It it of little use for technical purposes. 

4. Arsenic Hydride (arseniuretted hydrogen) AsH,. A colourless gas with 
a strong unpleasant odour of garlic. Very poisonous. Because of the impurity 
of the materials commonly used in preparation, hydrogen nearly always 
contains this gas which can be recognized by Marsh’s test. The brown stain 
formed is easily soluble in a solution of NaClO, while the corresponding anti- 
mony stain is insoluble. 

Arsenic glass. By this is understood various combinations of arsenic, for 
instance white arsenic — arsenic acids, (see Arsenic compounds); grey 
arsenic = metallic arsenic, (see as above); red arsenic = orpiments, (see 
Arsenic colours). 

Artificial Butter see Margarine. 

Artificial Honey see Honey. 

Artificial Horn see Horn. 

Artificial Indigo see Indigo. 

Artificial Leather see Leather substitutes. 

Artificial Manures see Manures, Artificial. 

Artificial Perfumes see Perfumes, Artificial. 

Artificial Silk see Silk, Artificial. 

Artificial Stone see Granular Lime Stone and Stone, Artificial. 

Artificial Sugars see Sugars, Artificial. 

Artificial Wax see Wax. 

Artificial Wood see Xylolith. 

Artificial Wool see Shoddy and Wool. 

Artificial Yeast see Yeast. 

Asaprol. Calcium salt of /S-naphtholsulphonic acid. In order to prepare it 
^-naphthol is heated with cone. H2SO4, the solution diluted with water, neu- 
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Arsen ferratose. 


for technical purposes are mostly prepared artificially. It is obtained at the 
arsenic works by distilling arsenical pyrites with common iron pyrites. 

The product obtained is then melted with either S or As according 
to the depth of colour desired. 

As pigment it is little used on account of its highly poisonous character. 

2. Orpiment powder. Trisulphide of arsenic, Chinese yellow, Persian and 
Spanish yellow, royal yellow, As^Sj. This combination occurs in nature in 
a coarse condition and also in gold-coloured flexible leaves. It is artificially 
made either by fusing together arsenic or realgar and sulphur, or by a wet 
process viz. conducting HgS into an acid solution of AsgO^. 

For the same reason as in the case of red arsenic, this is little used as a 
colouring matter except as Royal yellow for oil painting. 

3. SCHWEINFURT GREEN see COPPER COLOURS. 

Arsen ferratose see Ferratose. 

Arsenic Compounds. 

1. Arsenic trichloride, As^Clg is usually obtained by adding a dilute 
solution of NaCl to a heated mixture of As 40 <, and H 2 SO 4 subsequently di- 
stilling and collecting the distillate in a well cooled receiver. 

It is a colourless, fuming, thick fluid which is very poisonous. The AsjCl* 
freed from excess of Cl solidifies at — 18®, B. P. 134®; 8 . G. (at 0®) 2 . 205. 

2. Arsenic oxides (arsenious acid anhydride, white arsenic &c.). 

a) Arsenic acid H 3 AS.O 4 obtained commercially by boiling AS 2 O 3 with 
strong HNO3 and evaporating the solution to dryness. It forms transparant 
rhombic crystals containing water of crystallization { 2 H 3 ASO 4 + HjO) which 
dissolve in moist air. Arsenic acid dissolves slowly but easily in H 2 O giving a 
solution with an acid metallic taste. It is less poisonous than A 82 O 3 . By 
heating to different temperatures three different arsenic acids can be obtained, 
namely ortho-arsenic acid A 80 J( 0 H) 3 ,^pyro-arsenic acid 

AsO (OH),. 

A80;(0H)2^ 

and meta-arsenic acid, HAsO,. Salts can be produced from each of these 
three acids. 

Arsenic is usually sold in the form of a thick syrupy fluid, though sometimes 
it is also sold in a dry state. Nowadays it is little used except for colour 
printing whereas it was formerly used in immense quantities in the manu- 
facture of fuchsine. 

b) Arsenic pentoxide, arsenic acid anhydride (AsjOg), is only important 
as the substance from which arsenic acid is obtained by heating. It forma a white 
mass with a S. G. of 3 . 734 which deliquesces in moist air, passing over into 
arsenic acid by absorption of atmospheric moisture. 

c) Arsenic sesquioxide A 84 O 4 is seldom obtained from arsenic ore. It is 
mostly obtained from the flue-dust of furnaces in which arsenical ores 
have been roasted. From this dust, which already partly consists of AsiO#, 
the arsenious acid is obtained by sublimation. It can also be obtained from 
all kinds of arsenic ores by roasting in a reverberatory furnaces. 

According to Eng. Pat. 14409 (1905) arsenic ores are heated in muffle- 
fumewjes to a temperature not exceeding 750®, the resulting vapour is led 
away, oxidized by air and the A 4 O 8 subsequently purified. 

If quickly cooM it cirstallizes into a glassy mass, arsenic glass. According 
to the Germ. Pat. 159541, glassy As,!)- is obtained by pressing the powder 
into a soUd form. 

Ar^nious acid anhydride is usually termed simply arsenious acid. It forms 
a white colourless mass, without smell and of a sweetish flavour. Of this 
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0.1— 0.2 gramme is sufficient to kill an adult. It dissolves with difficulty 
in H2O, easily in HCl, but is quite insoluble in alcohol. S. G. of crystals 3.69, 
of the amorphous form 3.74. At a temperature of 218® it subhmes without 
melting yielding a colourless odourless vapour. 

True arsenious acid is not known in the free state but from a study of the 
arsenites its formula may be written H3A8O3. White arsenic is much used for 
the manufacture of arsenic preparations, (e. g. Schweinfurt green), for pre- 
serving corpses, as a mordant in calico printing and for the treatment of the 
hair used for making hats. It is also used in glass melting &c. Large quan- 
tities were also used in aniline works for the reduction of nitro-benzene ; but 
other substances are now used instead. 

3. Arsbnio sulphides. 

a) Arsenic disulphide Realgar, AS2S2. For occurence, method of manu- 
facture see Arsenic colours. 

Realgar is used in the manufacture of fire works, for removing the hair 
from skins, in the making of shot and in colour printing as a reducing agent 
for indigo. 

b) Arsenic trisulphide Orpiment AsgSg. For occurence and preparation 
see Arsenic colours. 

Orpiment is used as a reducing agent for indigo, partly also for unhairing 
skins, it is the Rhusma of the Orient. 

c) Arsenic pentasulphide AsgSg. This is obtained by fusing As and S, but 
also by the wet method of conducting heated HgS for a long time into a so- 
lution of AsgOg containing an excess of HCl. 

It is a light yellow powder, easily melted, which dissolves readily in alkalies 
and alkali sulphides. It it of little use for technical purposes. 

4. Arsenic Hydride (arscniuretted hydrogen) AsHj. A colourless gas with 
a strong unpleasant odour of garlic. Very poisonous. Because of the impurity 
of the materials commonly used in preparation, hydrogen nearly always 
contains this gas which can be recognized by Marsh’s test. The brown stain 
formed is easily soluble in a solution of NaClO, while the corresponding anti- 
mony stain is insoluble. 

Arsenic glass. By this is understood various combinations of arsenic, for 
instance white arsenic = arsenic acids, (see Arsenic compounds); grey 
arsenic = metallic arsenic, (see as above); red arsenic = orpiments, (see 
Arsenic colours). 

Artificial Butter see Margarine. 

Artificial Honey see Honey. 

Artificial Horn see Horn. 

Artificial Indigo see Indigo. 

Artificial Leather see Leather substitutes. 

Artificial Manures see Manures, Artificial. 

Artificial Perfumes see Perfumes, Artificial. 

Artificial Silk see Siui, Artificial. 

Artificial Stone see Granular Lime Stone and Stone, Artificial. 

Artificial Sugars see Sugars. Artificial. 

Artificial Wax see Wax. 

Artificial Wood see Xylolith. 

Artificial Wool see Shoddy and Wool. 

Artificial Yeast see Yeast. 

Asaprol. Calcium salt of /S-naphtholsulphonic acid. In order to prepare it 
^-naphthol is heated with cone. H2SO4, the solution diluted with w ater, nen- 
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Asbestos. 


tralized with excess of CaCOa, filtered, and the filtrate evaporated to dryness. 
A white or faintly red powder soluble in water. It has an antiseptic action 
and is administried internally for gout, rheumatism and typhus. 

Asbestos. A natural magnesium silicate mixed with varying amounts of 
lime. Mineralogists distinguish the kinds of minerals belonging to this cate- 
gory viz. real asbestos (Tremolite, Amphibole asbestos, Chrysotile asbestos, 
Hornblende asbestos) and the amianth variety (serpentine asbestos, actino- 
lite, Spanish chalk &c.) S. G. 2.5 to 2.9. Unattacked by acids and weak alkalies. 
For this reason and because it is incombustible, it is used for many purposes. 
The long flexible fibres, for instance, are used for fire-proof fabrics, card- 
board &c. 

It is made, (according to Germ. Pat. 144162) into a plastic mass by first 
grinding the asbestos with AI2 (SOJg and mixing with a solution of agar- 
agar. This mass adheres well to the materials to be covered, dries quickly 
and does not tear, while the addition of the A1 salts renders it more proof against 
fire. The mass can be made more elastic by the addition of resin oil, or 
glycerine. 

The Germ. Pat. 148936 treats of the production of asbestos articles by 
compressing finely-divided asbestos without the addition of any adhesive. 
The asbestos is heated to a temperature below the fusing point. Improvements 
on this process are protected by Germ. Pat. 156794 and 160981. 

According to the former of these two patents the asbestos cardboard is 
first treated with 25 % H2SO4, then dried and afterwards treated as in the 
Patent No. 148936. The .second improvement is the impregnation of the 
finished objects with a boiling solution of water glass. The impregnation of 
the material with silicic acid renders it acid proof. 

A new covering material is asbestos cement tiles or slates. These consist 
of cement in which asbestos fibres are imbedded. 

Asbestos and Asbestos preparations: 

Werner Pfleiderer & Perkins Ld., Peterborough. 

Aseptol. o-phenol sulphonic acid C8H4(0H)S03H. In tlie form of a 33 
solution it is used as an antiseptic. 

Ashes. 

In the case of the substances marked f the ash content is the pure ash 
content; for those marked ♦ it is the cnide a.sh content; the other numbers 
represent the content of the air dried substance. The elements present in the 
crude ash are: — C, H, 0, N, P, S, Cl, 8i, K, Na, Ca, Mg and Fe. 


Ash content of certain animal and vegetable substances. 


1000 parts contain 

[^B 

1000 parts contain 

parts of 
ash 

Barley meal 

23.3 

•Deal 

3.8 

Barley (winter) 

19.9 


46.1 

Beech wood 

4.9 


29.1 

tBeef 

I2.« 

Fruite; 


Beer (German) 

02.4 

Apples . . 

14.4 

Birchwood 

0.4 

Cherries 

22.0 

Blood (human) 

8.0 

Pears ... 

10.7 

Blood (oxen’s) 

36.5 

Plums 

18.2 

fBone charcoal 

840.0 

Grape (must) 

15.4 

fBonee (ground) 

035.0 

Grape (skins, pulp Ac.) 

39.8 

Bran (wheat) 

01.9 

fOrass ^vmincr^ 

20.7 

Cheese (ripe) 

122.6 

tOuano (Peni) ... 

338.0 

Coffee (beans) 

31.9 

Hay (meadow) 

00,2 
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1000 parts contain 

Parts of 
ash 

1000 parts contain 

Parts of 
ash 

fHorn (ground) 

250.0 


3.9 

Maize 

16.1 


19 7 

Milk (cow’s) 

48.8 


10J7 

Molasses charcoal 

673.9 


lO.O 

Molasses residues 

160.6 


38.6 

Molasses (sugar beet) 

99.7 


87 0 

Oak (air dried) 

6.0 

Superphosphatps 

630 to 880 

♦Oatmeal 

28.4 

Tea (leaves) 

64.8 

Oats (whole) 

31,4 

Tobacco (leaves) 

184.1 

tPhophates 

916.0 

Wheat (winter) 

20.9 

fPhosphorite (Hannover) .... 

946.0 

Wheat flour 

4.7 

Potatoes (peeled) 

37.7 

Wine 

2.1 

Potatoes (peel) 

67.8 

Wine lees . . 

113.9 

fPork 

10.4 

W^ool (iin washer!) 

116.2 

Pure wood (air dried) 

2.6 

Wool (washed) ... . 

11.1 

Rape cake 

64.2 

fVeal 

12.0 

fRape seed 

39.1 



Ashesare used for different purposes. Woodashes, for example, are employed 
for the preparation of potash, and also in dyeing, bleaching and soap manu- 
facture. 

Bone ash serves for the preparation of phosphorus and phosphoric acid. 
From the ashes of seaweed iodine is obtained. 

Wood-ashes and bone ash are used in the manufacture of cupels and the 
former is also used in the glass and faience-industries. 

Asparagine. CHg . CO , (NH 2)2 • • COOH. The amide of amidosuccinic 

acid, CHj . COOH . NH 2 . CH . COOH, is found in many plant buds. It is 
prepared by extracting the plant with cold water, evaporating the extract 
to a thin syrup and allowing it to stand for some weeks. The asparagine 
separates in a crystalline form and can bo purified by recrystallization from 
hot water. After purification with animal charcoal it forms large, hard rhombic 
crystals which have a disgusting taste. It is used in medicine. 

Asphalt (Mineral Pitch). 

An amorphous mass, brittle when cold, brown to black in'coiour. It becomes 
tough on warming and melts at 100®. S. G. 1.1— 1.2; Hardness 2. Smells of 
bitumen, easily inflammable and burns with a thick smoky flame. It does 
not dissolve in water and only to a small extent in alcohol and ether, but very 
re^ily in benzene and turpentine oil. 

Pure asphalt is found in the island of Trinidad and in Syria. In Europe 
^ is made from the mineral Asphalt stone, (compact bitumen, found in 
Hannover, Switzerland and in France) by boiling in H 2 O and skimming off 
^®8in which floats on the surface. 

Th ^ asphalt is that found in Trinidad, The next best is that from Syria. 
Ihese kinds are used for making lack, varnish, cement and painters’ colours, 
while that made from asphalt stone is not so suitable for these purposes. 
However the latter, is extensively used in building, for covering roofs and 
paving streets. 

I he "sensitiveness of pure asphalt to light is an important factor. It is so 
great that on exposure to light it loses its solubility in essential oils. For this 
reason it is much used in photography and photographic processes. Asphalt, 
as mentioned above, is also used for painter’s colours, but is not very fast to 
*ight and has been the cause of the ruin of many a picture. 
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Asphalt varnishes. 


Nearly allied to asphalt are Ozokerite (mineral wax, see Ozokerite) and 
Bitumen which is also found in fine veins in limestone and marl as well as 
in coal (bituminite). 

German Asphalt or Artificial Asphalt is coal-tar or brown-coal- tar boiled 
down to the requisite consistency. The refuse from the distillation of tar is 
generally called asphalt and is used in the same way for building purposes, for 
making varnish and also for making ,,briquettcs“. The Cabfomian asphalt 
industry is of quite considerable importance. This asphalt is produced by 
distilling crude oils S. G. 0.9§59— 0.9333 in the presence of air. All fr^tions 
volatile below 650® C are eliminated, leaving only the asphalt which is then 
cooled. 

The process of the English Pat. 7343 of 19^ is as follows. Ground slags and 
melted asphalt are mixed with some binding substance (such as tar, resin 
oil &c.) then sand, gravel, or such like is added and the whole boiled, well 
stirred, and finally allowed to cool. It forms a good asphalt; the proportions 
commonly used are as follows. 80 % slag, 10 % asphalt and 10 % binding 
and filling substances. 

According to the American Pat. 790932, the asphalt is rectified and then 
mixed with 20 % bitumen and 5 % lignite. This is also said to be a successful 
process. The Swedish Pat. 18412(1903) gives bitumen and powdered limestone 
as the basis for asphalt. In this process Orinoco asphalt oil, powdered limestone 
and milk of lime are used. 

Resin, tar and sulphur are also melted together to form asphalt. One 
method for instance is to melt colophony, to add sulphur and to heat to 250®. 
The resulting substance is very similar to Syrian asphalt and is used as a 
substitute in photography in tne copying and etching processes. Germ. Pat. 
143147 protects a method of producing asphalt by heating a mixture of 11 nts. 
tar and 2 of resin; 1 pt. of sulphur and 11 pts. of slaked lime are then added. 
This yields a brown n^sinous mass which is a good substitute for a^halt and 
is insoluble in water. After being cooled the requisite amount of sand is added. 

Asphalt breakers: 

Max Friedrich A Co., Leipzig- Flagvvitz IT. 

Asphalt Varnishes. Solutions of natural or artificial asphalt in benzene, 
tar oil, petroleum or for finer sorts, in oil of turpentine: in the latter case some 
kind of drying oil is added. Asphalt varnish is principally used for varnishing 
iron objects. If the coating be thin, the colour is brown, if thick it is a deep 
glossy black. Good sorts become very hard and insoluble in alcohol. 

Aspirine see Acetyl salicylic acid. 

Aspirophene, amidoaceto p-phenetidine acetylsalicylic acid 

. CO . CHJCOOH . NHj . CH^ . CO . NH . CeH4 . 0 . CjHj 

Probably not a true chemical compound but a mixture in molecular proportions 
of salicylic acid and mono acetyl phenocoll. M. P. 205®. A ciystalline substance 
soluble in cold water and more readily in hot water. It is used os an anti- 
rheumatic and antineuralgic. Dose 1 .0 gramme. Daily dose 5.0 to 8.0 grammes. 
(For children half the above do.sc8). 

Atmosphere. Technical measure of pressure. To render the given number 
comparable, a mean atmospheric pressure is taken as the basis of calculation, 
not the real pressure at a certain place and time. 

Formerly tne standard measure of atmospheric pressure was that at sea- 
level in latitude 45® reduced to 0®. This unit is called 1 old atmosphere 
1 old Atm. = 760 mm Mercury column 
1 old Atm. = 1.03333 kg per I sq cm. 
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Of late it has been decided to define atmospheric pressure as = 1 kg to 
1 sq cm. (New Atmosphere) 

1 New Atmosphere corresponds to 734.61 mm Mercury column 
1 „ » n 1 kg per 1 sq cm. 

Atmospheric air. A mixture of 23.2 % Oxygen, 75.5 % Nitrogen and 
1.3 % Argon with carbonic acid and other gases. 1 liter of dry air in latitude 45® 
at 760 mm and 0® weighs 1.29306 g. Referred to water the S. G. under the 
above conditions is 0.0012934. At a given temperature t and pressure b, the 
S. G. of the air D amounts to 

0.0012934 . b 

^ “ (1 -f 0.03666 . t) .7'l^ 


Density of Atmospheric air comp, with water at 4®for the temp, t and pressure b. 


t 

b — 720 mm 


740 mm 



770 mm 

0 “ 

0.001225 

0.001242 

0.001269 

0.001276 

0.001293 

0.001310 

1 ® 

0.001221 

0.001238 

0.001266 

0.001272 

0.001289 

0.001306 

2 ® 

0.001216 

0.001233 

0.001260 

0.001267 

0.001284 

0.001301 

3 ® 

0.001212 

0.001229 

0.001246 

0.001262 

0.001279 

0.001296 

4 ® 

0.001208 

0.001224 

0.001241 

0.001268 

0.001276 

0.001291 

6 ® 

0.001203 

0.001220 

0.001237 

0.001263 

0.001270 

0.001287 

6 ® 

0.001199 

0.001216 

0.001232 

0.001249 

0.001266 

0.001282 

7 ® 

0.001196 

0.001211 

0.001228 

0.001244 

0.001261 

0.001278 

8 ® 

0.001190 

0.001207 

0.001223 

0.001240 

0.001267 

0.001273 

9 ® 

0.001186 

0.001203 

0.001219 

0.001236 

0.001262 

0.001269 

10 ® 

0.001182 

0.001198 

0.001215 

0.001231 

0.001248 

0.001264 

11 ® 

0.001178 

0.001194 

0.001211 

0.001227 

0.001243 

0.001260 

12 ® 

0.001174 

0.001190 

0.001206 

0.001223 

0.001239 

0.001256 

13 ® 

0.001170 

0.001186 

0.001202 

0.001218 

0.001235 

0.001251 

14 ® 

0.001165 

0.001182 

0.001198 

0.001214 

0.001230 

0.001246 

16 ® 

0.001161 

0.001178 

0.001194 

0.001210 

0.001226 

0.001242 

16 ® 

0.001167 

0.001174 

0.001190 

0.001206 

0.001222 

0.001238 

17 ® 

0.001163 

0.001169 

0.001186 

0.001201 

0.001218 

0.001234 

18 ® 

0.001149 

0.001165 

0.001181 

0.001197 

0.001213 

0.001229 

19 ® 

0.001146 

0.001161 

0.001177 

0.001193 

0.001209 

0.001225 

20 ® 

0.001142 

0.001167 

0.001173 

0.001189 

0.001205 

0.001221 

21 ° 

0.001138 

0.001164 

0.001169 

0.001186 

0.001201 

0.001217 

22 ® 

0.001134 

0.001160 

0.001166 

0.001181 

0.001197 

0.001213 

23 ® 

0.001130 

0.001146 

0.001161 

0.001177 

0.001193 

0.001209 

24 ® 

0.001126 

0.001142 

0.001168 

0.001173 

0.001189 

0.001204 

25 ® 

0.001122 

0.001138 

0.001164 

0.001169 

0.001186 

0.012000 

26 ® 

0.001119 

0.001134 

0.001160 

0.001166 

0.001181 

0.001196 

27 ® 

0.001116 

0.001130 

0.001146 

0.001161 

0.001177 

0.001192 

28 ® 

0.001111 

0.001127 

0.001142 

0.001168 

0.001173 

0.001188 

29 ® 

0.001108 

0.001123 

0.001138 

0.001164 

0.001169 

0.001184 

30 ® 

0.001104 

0.001119 

0.001136 1 

0.001160 

0.001166 

0.001181 


Atomic weights. For tables see appendix. For estimation see Molecular 
WEIGHTS. 


Atoxyl. Meta arsenic acid anilide C(,HgN02As. A white powder soluble 
in 6 pts. of water. Contains 37 % AsjOg. It is used as a subcutan^us in- 
jection and according to R. Koch it is a specific remedy for sleeping sickness. 

Atropine (Daturine). An alkaloid found in the deadly night shade (Atrofa 
Belladonna)^ in Datura Stramonium and in henbane (Hyoscyamua niger &c.). 
It is manufa.ctured commercially from the belladonna root. 
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Aubepine. 


Pure Atropine C 17 H 23 NO 0 forms heavy crystalline needles M. P. 115.6°. 
It is without smell and of a bitter ta.ste. It dissolves with difficulty in cold, 
more readily in hot water, but quite easily in alcohol, chloroform, amyl alcohol 
and toluene. In ether it is less soluble and almost insoluble in petroleum 
ether. It is an extremely violent poison. It is used medicinally in the form 
of soluble salts as a narcotic and to prevent night sweats of consumptives. 
It is also used as an injection in cases of cramp and neuralgia. Also a 0.5 % 
solution is used as an outward application, dropped into the eye to enlarge 
the pupil, maximal dose 0.001 g. Max. dose per diem 0,003 g. 


Aubepine see Anisaldehydk. 

Auramine. A coal-tar dyestuff belonging to the diphenylmethane group. 
The simplest form of this group, not a dye, is Diamidodiphenylmcthane, 
HjN — C jH 4 — CHj — C< jH 4 — NHj. An important substance for the production 
of auramine is benzophenone — CO — C 4 H 5 (see also Ketones) and its 

C«H 4 . N . (CH3)2. 

derivative Tetramethyidiamidobenzophenone CO^ By 

XH4.N.(CH3)2. 


substituting an amide group for the carbonyl group the simplest auramine 
is obtained Amidotetramethyldiamidodiphenylmethane 

. N (CH 3)2 

H^N— CC 

^C,H4. N . (0113)3. 

Auramine can be prepared by fusing tetramethyidiamidobenzophenone 
with ammonium chloride or by melting tetramethyldiamidodiphenylmethane 
with sulphur and at the same time passing ammonia through the melt. 


Auri pigmentum see Arsenic colours. 


Aurum colloidale see Collaurin. 


Autoclaves (Digesters) : 

Friodrioh Ilfickrnann, Berlin SO. 10, Briickorj^tr. Ob (see a»lvt^.). 

Volkmar Haenig & Comp., lloidenau- Dresden, Germany (son front part advt.). 

W. Slarnm, 25 College Hill. London K,C,, Solo agent for Friodr, Krii[)p A.-G 
Magdeburg- Buckau. Germany. 

Azine dyes. A clas.s of dyes in which the group y must be 


Orusonwork, 


considered 


as the chromophore. 


The simplest of the azines is Phenazine 


The azines are formed by the action of orthodiamines on orthoquinones when 
both oxygen atoms of the quinone unite with the amide-hydrogen to form HjO. 
The reaction is expre.sHed by the equation 

R R( I 

\n 

The following dyes, corresponding to the above constitutional formula, are 
now generally classed among the azine dyes: Eurhodine, Safranine (and 
Aposapranine) Induline as well as the quinoxaline dye known as Flavin- 

DULINE. 

TheEurhodines are formed by the action of o-amidoazo- bodies on monamines 
e. g. Eurhodine itself formed by heating o-amidoazotolueno with a-naphthylft' 


+ 2H,0. 


A) HjN 

Iff + 

0 H,N 
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j^odnc hydrochloride. Similar to the Eurhodines are the Eurhodoles (Oxyazines) 
yfhich are obtained by heating the eurhodines with cone. HCl to 180®. 

With regard to the constitution and preparation of the Safeaninbs compare 
the special article Safranines. 

See also special article for Indulines. 


Azo-dyes. A very important class of coal-tar dyes in which the chromo- 
i>hore is the azo-group — N=N — (comp. Azo-compounds) always combined 
with two benzene nuclei or other aromatic hydrocarbons. If only one azo- 
group is present the substance is called a monoazo-dye or simply an azo-dye 
while if several azo groups are present the substance are then diazo-, triazo- 
and tetrazo-dyes. 

The range of the azo-dyes is simply boundless and we must confine ourselves 
to short references. 

The most important groups of the monoazo-dyes are the Amidoazo-dybs 
and the Oxyazo-dyes. On introducing the azo-group into hydrocarbons 
coloured bodies are formed which have not the properties of dyestuffs. The 
action on the fibres is only brought about by the introduction of other groups, 
which give the azo-bodies acid or basic properties. 

Amidoazobenzene CgHg . N : N . 0^114 . NHg is made from diazoamido- 
benzene. It is prepared by treating aniline with justsomuch HClandNaN02 that 
only about Va is converted into diazoamidobenzene which remains dissolved 
in the excess of aniline. On being gently heated the diazoamidobenzene 
(CgHg . N : N . NH . C4H5) is converted into amidoazobenzene. The latter 
is itself not a dyestuff but its sulphonic acids, for instance, are. 

OxYAZOBENZENE CgHg . N : N . CftH4 . OH is obtained by the action of 
diazobenzene on sodium phenate. If the oxyazobenzene be treated with fuming 
sulphuric acid, the oxyazobenzene-p-sulphonic acid. HSO3 . N : N . C4H4 . OH 
is formed which is a dyestuff, known commercially under the name of tropae- 
olin Y. It is the simplest oxyazo-dyestuff. With regard to disazo-dyes, trisazo- 
dyes and tetrazo-dyes see the special articles. 


Azoxy-dyes. 


A class of coal tar dyes with the chromophore ^ 


Azoxystilben may be regarded as the parent substance of these dyes; its 
formula is 

0 








The compounds belonging to this class are all substantive cotton dyes. 

Azo-compounds. A class of organic compounds with the group — N=N — 
in which the free valencies are each bound to an aromatic hydrocarbon-rest. 
For the differences between these and the diazo-compounds see the article on 
DIAZO-OOMPOUNDS. The azo-derivatives are formed by the reduction of the 
nitro-derivates CnH2n— 7 . NO2 with alcoholic KOH or with sodium amalgam 
and also by the oxidation of aniline and its homologues. The azo-compounds 
are bodies which crystallize in either yellow or red crystals, are insoluble in 
HgO, can be converted by oxidation with CrOg or HNOg into azoxy-derivatives, 
by reduction with (NH4)HS into hydrazo-derivatives. 

The following azo-compounds may be mentioned. 

1. Azo-bbnzbne CgHg— -N=N— CgHg. Obtained by the reduction of nitro- 
benzene with so^um amalgam. Recently according to the Germ. Pat. 127727 
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Azure blue. 


and 141535 it has been prepared by tho electrolysis of nitrobenzene at a high 
temperature and in an alkaline medium. The cathode (the vessel itself may 
be advantageously used as such) must be large and the anode as small as possible. 
Azo-benzene forms orange red monoclinic crystals Sp. Gr. 1.203 M. P. 68 °, 
B. P. 293°. 

2. Hydrazobenzenb. — NH — NH — CgHg. Obtained by the reduction 

of azobenzene with ammonium sulphide or with zinc dust, and more recently 
by the electrolysis of nitrobenzene. An improvement in this processis described 
in Germ. Pat. 181116. An electrolyte such as benzene, toluene or xylene is 
employed as a solvent for the hydrazobenzene. Colourless plates with a smell 
resembling camphor M. P. 131°. Converted by HCl or H 2 S (54 into the isomeric 
benzidine. 

3. Amidoazobbnzene C4H4(NH2) — ^N=N — C^H^. Of the three isomers the 
p-amidoazobenzene is especially important. It is technically prepared from 
mazoamidobenzene C^Hj — N=N — NH(C 4 H 5 ) and aniline salts at low tempe- 
ratures. It forms yellow rhombic needles M. P. 123°. Weak monacid base, 
the salts of which are used as dyes. 

4. Azotoluene CeH4(CH3) — N=N — 0 * 114 ( 0113 ). The three isomerides 
are formed by treating the corresponding nitrotoluenes with sodium amalgam 
or zinc dust, p-azotoluene is usually prepared by treating p-toluidine with 
chloroform and bleaching powder; Orange yellow needles M. P.144°. More 
used than the other two isomers. 

5. Amidoazotoluenes C*H 4 (CH 3 )—N=N— 0 * 113 ( 0113 ) . NH-. 

The o-amidoazotoluene is important, and can be obtained by passing 
nitrous acid into o-toluidine and afterwards boiling with dilute HCl. It forms 
small plates which glisten like gold. M. P. 100°. 

Azure Blue see Cobalt colours. 


B. 


Babbit metal see ANTiFEionoN metals. 

Baeillol (Liquor Cresoli saponatus). Cresol soap solution. 

It is a brown oily liquid which smells of tar, and is obtained by heating 
cresol with a potash-soap solution. It gives a clear solution in H 2 O, and is 
used on a large scale as a disinfectant. 

Bacteriology Apparatus. 

C&rl ZeiQ, Jeas. Mikro Catalogue M 184, P. 102 — 3. Prospekta Mikro 228, 230 and 231. 

Baking powder (YeastIpowder). Different mixtures have been brought 
into commerce as a substitute for yeast. The evolution of gas (COj) causes the 
dough to rise. 

For fine pastry ammonium carbonate, or a mixture of sodium bicarbonate 
and tartaric acid or cream of tartar (Cremor tartari) is used as baking powder. 

Very often sodium bicarbonate and hydrochloric acid are used for bread 
making. In this case the acid is added to the water used in making the dough, 
while the sodium bicarbonate is only mixed in at the last. Instead of BiCl, 
very often calcium biphosphate or a mixture of this with KOI is used. Other 
mixtures, although oi known composition, are trade secrets as far as their 
method of preparation is concerned. A common receipe for cakemaking is 
a mixture of 1 pt. sodium bicarbonate, 2 pts. cream of tartar, and 10 — 20 nts. 
of flour or milfi sugar. An addition of starch is said to be very favouraole. 
Thus a baking powder having the following composition is recommended 
35 pts. sodium bicarbonate, 25 pts. cream of tartar, and 40 pts. of potato 
starch. Usually 15—20 grms baldng powder are taken to ^ Kg meal. 
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Another recipe is as follows: — 16 pts. tartaric acid, 20 pts. sodium bi- 
carbonate, and 36 pts. rice starch ; 30 — 40 grms of the powder to be mixed 
with 600 grm flour. 

The prices of baking powders vary very much according to their origin 
and composition. “Self-raising flour’', i. e. flour with which the necessary 
amount of baking powder is already mixed, is sold. A well known make 
of self-raising flour consists of 84 grms. sodium bicarbonate, 188 grms cream 
of tartar, and 10 kg wheat flour. 

Balances. 

Analysis balances: 

A. Verbeek & Peckholdt, Dresden, Germany. 

Automatic Balances: 

Benno Schilde, Hersfeld (Heasen-Njksaau), Germany. 

Balata. The dried latex of certain trees, more particulary of Mimusops 
batata {Sapota Muelleri) of Guiana and Venezuela. In order to prepare 
it the tree is felled or incisions are made in the bark. The latex exudes as 
a whitish or some times reddish spongy mass. 

Crude balata comes into the market in the form of thin plates, generally 
mixed with bits of bark. It is reddish-white to brown in colour, leathery, 
flexible and more elastic than the closely allied guttapercha. It is a worse 
conductor of heat and electricity than the latter, and is soluble in the same 
solvents. S. G. 1.044. It becomes plastic at 60® M. P. 149®. It is used for 
belts, boot soles, saddle flaps, in dentistry and as an insulator for electrical 
purposes. 

BallisUte see Gunpowder. 

Balls. 

Cast-steel-balls : 

Kugelfabrik Flachor A.*G., Schweiiifurt, Gerraauy. 

Ball- and roll-bearings: 

Kugelfabrik Fischer A.-G., Schweiiifurt, Germany. 

Ball-mills : 

Max Friedrich & Co., Loipzig-Plagwitz 11. 

Ball races: 

Kugelfabrik Fischer A.-G., Schweinfurt, Germany. 

Balsams. By the name balsam is understood a mixture of resinous sub- 
stances formed and stored up by various plants. Some of them flow out on 
their own accord, and some are only exuded after the bark has been injured. 

Amon^ the balsams the following deserve notice ; Resins or Gums, gum resins, 
and fossil gums. 

1. Acajoubalsam (Cardol). Obtained from the stone fruits of Anacardium 
occidentale (mahogany nuts) by extracting the chopped-up fruits with 
ether-alcohol, and removing the tannic acid by washing with water. The 
paost important constituent of acajoubalsam is the Cardol; the balsam itself 
is termed crude cardol (Cardolum vksicans). It is used in medicine as a 
blistering agent; it is also used for the manufacture of indelible inks and for 
inks for rubber stamps. 

A similar balsam is also obtained from the fruit of Anacardium onentale, 
also termed crude cardol. It is known as Cardolum peuribns. 

2. Canada balsam (Balsamum oanadbnsb). A balsam obtained from 
Abi^ balsamica (balsam fir). It is obtained by making in the spring a 
horizontal cut in the bark, near the ground, and catching the balsam in vessels. 
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It is purified by filtration. A perfectly clear and transparent balsam, at first 
almost colourless, afterwards becoming pale yellow, of about the consistency 
of honey, and finally solidifying without becoming milky. Sp. Gr. (at 15®) 
0.985 — 0.999. Refractive index 1.528. Completely soluble in ether, benzene, 
chloroform, and carbon disulphide. It is u.sed for cementing len.ses together, 
for optical apparatus, for mounting microscopic preparations, &c. 

3. CoPAivA BALSAiM. Is obtained like that from firs (see above 
Canada balsam), from several South American trees which belong to the 
species Copaifera. 

Copaiva balsam is a clear syrupy, yellowish or pale brownish liquid of a 
spicy smell and bitter pungent taste; it gradually .solidifies to an odourless 
resin. Sp. Gr. 0.935 — 0.998. The following kinds are recognized, Brazilian 
copaiva balsam, Para copaiva balsam, and VV^cst Indian copaiva balsam. 

Copaiva balsam is a valued medicinal remedy, and is also used for the 
preparation of lacs and varnishes and for making transparent paper (tracing 
paper) &c. Germ. Pat. 167 170 protects a process for the manufacture of 
neutral preparations of copaiva balsam. Germ. Pat. 183185 describes the 
preparation of solid condensation products of this balsam. 

4. Peru bal.sam (Balsanum peruvtanu.m). Under this name are included 
various resinous and oily aromatic substances, of which the Ban Salvador 
balsam is most frequently used. It is obtained from the tree Myroxylon 
Pereirae by making an incision in the stem after the bark has been partially 
separated. 

Peru balsam is a dark brown syrupy, resinous -oily liquid of a spicy and 
pungently bitter taste, with a plea.sant smell resembling vanilla. Sp. Gr. 
1.135 — 1.150. It contains no volatile oil and does not solidify in the air; 
it has however a large proportion of cinnamic acid, cinnamic-benzylester 
and other aromatic compounds. 

Peru balsam is used medicinally, in perfumery and as a substitute for 
vanilla in chocolate manufacture. 

5. Storax (Styrax). A balsam re.sembling turpentine, obtained from the 
bark of the storax tree, Liquidambar orientale (a native of Syria and 
Asia xMinor) by extraction with water and pressing. 

The liquid storax thus obtained is a very tough brown mass, which gradually 
dries up but always remains sticky. It is purified by heating on a water-bath, 
dissolving in alcohol, and then filtering and evaporating the solution. It is 
used in medicine, and particularly in perfumery, ft is characterised by a high 
percentage of cinnamic-esters, free cinnamic acid, benzoic acid, volatile oils, 
styrol, and styracine. 

The so-called solid or red Storax (Styrax calamita) is an artificial product 
obtained by mixing storax of inferior value with saw -dust, and pressing 
the mixture. It is a brownish red, brittle mass, which forms the material for 
fumigating-candles and fumigating powder. 

6. Turpentine (Terebinthina) st^e special article. 

7. Tolu balsam (Balsamu.m tolutanum) obtained from the South American 
Toluifera baUamum. The gum exuded after the stem has been tapped 
is at first brownish yellow and liquid. It often comes into commerce as a 
brown -red, brittle crystalline mass. It possesses a more aromatic odour than 
Peru balsam, and has a sweet taste; it is otherwise closely related to the 
latter. 

It Is used in medicine, but more largely in perfumery. 

Bandages. 

1. Wadding (Cotton). For the preparation of wadding for bandages 
raw cotton with as long a fibre as possible is used. First it is treated with a 
weak boiling solution of NagCOj to remove the fat, then pressed, bleached 



Barberry. 


81 


with hypochlorite solution, pressed again, washed with pure water, then with 
very weak hydrochloric acid, and finally with pure HgO again until perfectly 
neutral. 

2. Antiseptic gauze. Smooth, light, loose cotton texture, which contains 
on 1 sq. cm 11 X 11 to 15 x 15 fibres. 1 sq. met. weighs 30 — 45 grm. The 
raw stuff — a white light and undressed muslin — is washed with hot water, 
then laid in cold water for 24 hours, pressed, bleached with weak hypochlorite 
solution, afterwards washed first in pure HgO, then in very weak HCl, and 
finally in pure HgO, and dried. 

3. Impregnated dressing materials. Wadding or muslin so impregnated 
that certain definite weights of the dressing are steeped in a solution of the 
reagent, which is applied in su(!h quantity that it is completely absorbed at 
moderate pressure. The stuffs are dried at ordinary temperature or at the 
highest at 25— 30”C., in dust-free airy chambers which are protected from bright 
daylight, then immediately packed. 

4. Peat dust. The peat of the high moors is superficially dried, then broken 
up, and afterwards dried again, and then tom in machines in fibres as long as 
the finger. In this way peat litter is obtained which finds commercial employ- 
ment. By means of sieves the powder also formed is separated from the fibres ; 
this powder, called peat dust, with 2 %H 2 S 04 acts as a very strong disinfectant’ 
and is used as a dressing material. 

5. Sterilised bandages. Usually the bandages or dressings are sterilised 
by dry heat, and then packed. This process is however not free from objec- 
tions; the only certain method is the sterilisation with steam, in such a way 
that the steam acts on the already pacinal goods. 

Barberry. The juice of this plant is used in the manufacture of the finest 
kinds of leather. 

Barium. Ba. At. Wt 137.4. Sp. Gr. 3.75. Melts at a higher temperature 
than cast iron. It oxidizes in the air very quickly, decomposes H 2 O very 
energetically, and burns with a bright light on being heated. Metallic Ba 
wliieh is yellow like brass, is obtained by the electrolysis of fused BaCU in 
the prestuice of iSiH 4 Ul. On adding .sodium amalgam "to a heated saturated 
a(pi(;ous solution of BaCl 2 solid crystalline silver-coloured barium amalgam 
IS obtained. By heating the latter in a stream of H metallic Ba may also be 
obtained, but is impure (containing Hg). 

According to a lecture given by Guntz (of Nancy) at the International 
( 'oiigress for Applied (3iemistry in Berlin 1003, pure/ barium is obtained by 
first making a 3 % barium amalgam by electrolysing BaClj with a Hg cathode, 
l oiiccntrating this by pressure to a 00 % amalgam, and then carefully distilling 
Di racuo at 000”. The Ba thus obtained is said to be quite pure, and melts 
at S50<». According to later communications from Guntz good yields are 
olitained by this method. The Ba obtained is glistening, soft as Pb, and turns 
from gray to black in the air. B. P. in vacuo 1150”. 

Although the compounds of Ba are so important technically, the metal 
it.sclf finds no use practically. 

Barium colours. 

U Barium white (Permanent white ; Mineral white ; New wmiTK ; Snow 
'\'HiTE ; Blanc fixe) BaSOi. Not only is the naturally occurring heavy spar, 

a finely ground state, used as a paint, but also the artificially prepared 
(precipitated) barium sulphate which is known under the names given aoove. 

I h«' raw material for the manufacture is partly heavy spar and partly witherite. 
f he heavy spar is finely ground and reduced by heating with C to BaS. This 
was formerly converted into BaClj by means of HCl and then the permanent 
white precipitated from the aqueous solution of this salt by means of cold 

Hliichcr. 6 
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dilute H2SO4 or a sulphate solution. Of recent years the preference has been 
given to a method in which the BaS is simply dissolved in H2O and the BaSOj 
precipitated from this solution by means of Naa804. 

According to the Amcr. Pat. 737740 artificial BaS04 is prepared from the 
natural heavy spar by strongly heating the latter with C by which means 
BaO, BaS and SOo are formed. By treating the mixture of BaO + BaS with 
HoO, barium hydroxide Ba(OH)2 is formed which is converted by means of 
Na2S04 into BaS04 while at the same time NaOH is obtained. The Na2S04 is 
prepared from NaCl by means of SO2 in the presence of HgO and 0. 

The manufacture of permanent white from witherite (BaCOa) is still more 
simple. By treating the carbonate with HCl the chloride is obtained and this 
is treated as described above. 

Permanent white is the most stable of all paints and so is becoming more 
used, thus displacing white lead. It usually comes into commerce in the form 
of a tough dough. 

With regard to the barium paints which contain Zn see the article Zinc 

COLOURS. 

According to the English Pat. 22567 (1903) a paint is obtained, which 
consists of BaCOg and AlgiOH)^, by precipitating the solutions of Ba and Al 
salts with the carbonates of the alkali metals. 

2. Barium yellow see under Chromium colours. 

Barium compounds. The following Ba compounds are commercially im- 
portant. 

1. Baryta see 13 Barium oxide. 

2. Barium acetate Ba(02H302)2- Obtained by neutralizing BaS or BaCO t 
with acetic acid. It forms easily soluble crystals. It is used in dyeing and 
calico printing for the preparation of red mordant (see .Vlu.minium mordant.s) 
and for tliis purpose is decomposed with alum or aluminium sul[)hat(*. 

3. Barium borate Ha (1102)2. Obtained by precipitating baryta water 
with boric acid or (usually) by decompo.sing BaClj with borax. 

4. Barii:m chlorate Ba(C103).2 H2O. Is prepared according to tin* 
Germ. Pat. 89844 by the electrolysis of a mixture of BaClj and BaCO^ in 
aqueous solution or su8p(‘nsion. Vessels of lead or (‘arthenware ar(‘ used and 
a current density of 500 — 1500 Amp. per 1 sq. mm. is employed. The electro- 
lysed lye is freed from the greater part of the BaCU by evaporation while the 
chlorate and chloride are s(‘paratcd from the residue by means of fractional 
crystallization. The electrolysis probably takes place in such a way that the 
BaCJlo is first decomposed with the formation of Ba(OH)2 and Cl. The products 
of decomposition then react with each other. The addition of liaCOg is only 
made to facilitate the proce.ss. 

This electrochemical method of manufacturing the chlorate has almost 
displaced the old method in which potassium chlorate was decomposed with 
hydrofluosilicic acid and the resulting solution neutralized with BaCOg. 

Barium chlorate forms monociinic prisms, which give off their water of 
cry.stallization at 120°; it dissolves in 3 pts. cold HjO and 0.7 pts. hot H^O. 
When quickly heated it explodes; this is also the case when it is mixed with 
combustible substances and tlum subjected to a blow. 

It i.s used in fireworks for producing green fire. 

5. Barium chloride BaClg -f 2 H4). It is prepared either from witherite 
BaCOj or from heavy spar BaS04 as has been already mentioned under 
Barium white. If the production of the latter i.s not desired the BaClj 
prepared by heating heavy spar with coal, lime stones and calcium chloride 
in a furnace in which the reaction takes place in two phases: 

BaS04 -f 4 C = BaS 4- 4 CO 
BaS -f CaClj = BaClj -f CaS. 
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The fused mass is lixiviated with HjO by passing in steam, and is then 
evaporated. According to the English Pat. 8184 (1902) BaC^ is prepared 
with the help of iron chloride by mixing solutions of FcgCle BaS, or by 
fusing FcgClg with heavy spar and charcoal, and extracting the BaCl2 with HgO, 
The iron sulphide formed at the same time can be roasted. 

BaCla may also be obtained, according to Germ. Pat. 162913, by allowing 
gaseous Cl to react with heated BaS, wnereby the mass begins to glow and 
combination takes place, Ba CL and barium polysulphides being formed. 
The latter can be easily converted into BaCL and S if the further chlorination 
be carried out in aqueous solution by means of sulphur chloride. 

According to Germ. Pat. 186738 Ba CL can be prepared by heating BaS 
and MgCl2 in aqueous solution in autoclaves. The MgClg is obtained from the 
residues of the potash industry and pure magnesia is obtained as a by-product. 

Bad, crystallizes in colourless rhombic plates. 100 pts. HgO dissolve 33 pts. 
at 10^ and 58 pts. BaC^ at 100*^. On heating above 58 it loses HgO without 
melting. The calcined salt melts between 750® and 850®. 

Barium chloride is used for prevention of fur in boilers, for the manufacture 
of barium sulj)hate and in analytical chemistry. It also finds use in the earthen- 
ware industry for rendering insoluble the soluble sulphates occurring in many 
clays, which effloresce on drying. 

6. Barium carbonate BaCOj. Occurs naturally as witherite and is obtained 
artificially by tn^ating BaS with gaseous CO2. In the latter process the S which 
is mixed with the product of reaction is removed by boiling with Ba(OH)2 with 
which it combines and the purified BaCOg then filtered off. 

It is insoluble in cold and in hot water as well as in alcohol, readily soluble 
in Hd. It is used for the manufacture of colourless crucibles and terra cotta, 
for fusible glasses and stone ware glazes. 

With regard to the naturally occurring barium carbonate see article on 
Witherite. 

7. Barium chromate see Chromium colours. 

8. Barium fluoride Bal'.^* Obtained by the action of NaF on Ba(N03)2, 
by neutralizing baryta water with HF or finally by digesting freshly precipi- 
tated BaCO;, with excess of HF. White granular powder sparingly soluble 
in HoO readily soluble in HNO3, in HCl, and in HF. 

9. Barium manoanate BaMn04. According to the English Pat. 28585 
(1903) it is obtained by the action of suitable Ba salts on alkali manganates. 
(It is not obvious what is capable of being patented in this process.) According 
to anotlier process of the same patent air which has been freed from COg is 
passed over a heated dry mixture of pulv(‘rised MnO.^ and NaOH. The BaMn04 
is then j)recipitated by Bn(OH)2 from the solution obtained by lixiviating the 
mass thus prepared. Barium permanganate is prepared in a similar way. 

10. Barium NITRATE Ba(N03)2. It is obtained either by dissolving witherite 
in dilute HNO3, evaporating the solution and purifying by recrystallisation, 
or from BaCL. The latter is dis.solved in HgO by passing in steam and the 
necessary amount of NaNOa is added, the whole being constantly stirred. 
The sparingly soluble Ba(Nd3)2 is precipitated and is purified by recrystalli- 
zation. 

Barium nitrate forms colourless regular crystals which contain no water 
but are somewhat deliquescent. 100 pts. H2O dissolve 7 pts. Ba(N03)2 at 10® 
and 32 pts. at 100®; it is more difficultly soluble in dilute HCl and HNO3. 
On being ignited it decomposes and BaO is left behind. It is cliiefly used for 
the preparation of barium peroxide; it is further used for producing green 
fire in fireworks and for the manufacture of several blasting powders. 

11. Barium nitrite Ba(N02)2 -f H2O. Prepared according to Witt and 
Ludwig in the following manner: BaClj and NaNOg, in molecular proportions, 
are mixed together dry, and as a solvent for this mixture, a concentrated 

6 * 
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solution of NaNOj is used (equal in amount to that of the dry mixture of salts). 
Double decomposition at once takes place and the resulting NaCl is precipitated 
as a coarse crystalline meal and is separated from the hot lye in a steam funnel. 
On cooling Ba(N02)2 + H2O separates out of this solution in beautiful crystals. 
The moth^er liquor, from which the crystals are removed in a centrifugal 
machine, contains the excess of NaNOn. It is heated to boiling point and at 
once used for another portion of the salt mixture. 

12, Barium oxalate BaC204 -|- HjO. Obtained by precipitating solutions 
of barium salts with oxalic acid. 

13. Barium oxides. 

a) Barium oxide BaO. Formerly only obtained by strongly igniting 

Ba(N03)2 l^a(OH)2; of late years however several other useful methods have 

been discovered. 

Thus W. Feld has found that BaCOg, contrary to former assertions, is also 
decomposed on heating, yielding BaO, being similiar in this respect to limestone. 
The main condition for the success of this operation is the use of combustibles 
free from H, that is materials from which the gases evolved contain no HjO; 
otherwise Ba{OH)2 is formed. The Germ. Pat. 149803 protects an arrangement 
of this patent in which the stuff to be heated is placed in capsules of oval 
cross section. BaCOg or BaS04 and charcoal or mixtures of C with BaSO^ 
and an alkali sulphate may also be burnt. 

Frank (Germ. Pat. 135330) prepares BaO by reducing barium salts 
(e. g. BaC()3) barium carbide BaC2. purpose tin* materials arc 

finely ground and well mixed, and then heated with exclusion of air. 

In order to obtain porous liaO, Bradley and Jacobs (Germ. Pat. 142051 
and 125936) heat barium hydroxide and barium carbide, mixed (in the pro- 
portion of their molecular weights) with hydrocarbons, to the melting point, 
until all the hydrocarbon.s have disappeared. The specially porous BaO thus 
obtained is eminently suitable for the manufacture of Ba()2. 

The United Barium ('ornpany of Niagara Falls manufactures BaO according 
to the Germ. Pat. 111667 by heating 4 mol. BaS04 (heavy spar) with 4 atoms 
of C (coke) in the electric furnace. SOj is liberated in this process. 

Barium hydrate is also obtained. 

BaO is also manufactured according to the Amor. Pat. 737740 (mentioned 
in article barium colours under No. 1). 

According to the Germ. l^at. 158950 BaO may be prepared from BaCO^ by 
heating the latter mixed with Ba(N03)2 reducing agimt (C) to a red 

heat vvliereby a r(*action takes place according to tlu? c([uation 

BaC03 i Ba(N03)2 r 2 C -= 2 BaO + 2 NO2 j 3 CO. The English Pat. 
4217 (1904), which aims at an expansion of the same process, states that 
volatile hydrocarbons an^ to be added to tlie mixture in order to obtain the 
BaO in a j)orou.s state. The heating may be advantag(*ously carried out in an 
electric furnace. 

The English Pat. 21392 (1903) treats of a process which is almost similar to 
the one described above. 

BaO forms cither an amorphous colourless mass or small crystals; it unite.s 
with HjO to form barium hydroxide. 

b) Barium hydroxide Ba(OH)2. As mentioned above it is formed (with 
great evolution of heat) by the action of il2() on BaO. It is further formed 
by heating BaCO,, (witherite) in a current of stream. It may also be obtained 
from Ba8 [prepared by heating BaStJ^ with n^ducing agents, (charcoal and tar)| 
in iron retorts. The Ba8 thus formed is lixiviated with HjO and copper oxid(^ 
added to the solution. 

According to the French Pat. 324609, Ba804 reduced to Ba8 and the 
latter convertr'd into BaG03 by treating it with CO2 in the present^' 
of HjO. Thf; BaCOj is then heated with C in an electric furnace and 
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the BaC^thus obtained is finally converted into the hydroxide by treatment 

Th^reaction product (Germ. Pat. 111667 and Amer. Pat. 737740) mentioned 
above under Barium oxide, contains besides BaO a considerable amount of 
BaS. On bein^i lixiviated with water both go into solution, (BaO as Ba(OH) 2 , 
and BaS partly as barium sulphydrate and partly as Ba(OH) 2 ). On cooling, 
Ba(OH )2 crystallizes out and can be obtained practically chemically pure by 
recrystallization. 

Finally the Germ. Pat. 129324 may be mentioned. Here Ba(OH )2 is obtained 
electrolytically from a cone. BaS solution. The Amer. Pat. 744920, which 
protects the same elcctrolytical process, lays stress on the presence of a large 
porous anode of great resistance (c. g. finely divided iron). 

Barium hydroxide is used for the manufacture of caustic alkalis from the 
sulphates, in analytical chemistry and sometimes in sugar refining. 

It forms colourless crystals with 8 mols of water of crystallization, wliich 
absorb COg from the air. It dissolves in water to form the strongly alkaline 


baryta water. 

c) Barium peroxide BaOj. 


It is obtained from Ba(N 03)2 as follows; 


The Ba(N 03)2 is heated in closed fire clay crucibles and thus converted into 
BaO. Air (free from CO 2 ) is then allowed to pass over the latter at a dull 
red heat (about 700®), when Ba02 formed. It may also be prepared from 
BaO which has been obtained by other methods (see above) . The commercial 
product forms a greenish mass ; after purification, a colourless powder soluble 
in H 2 O, which absorbs CO 2 from the air. Dilute acids decompose it with the 
formation of hydrogen peroxide. On being heated, it evolves 0 and becomes 
reduced to BaO. It is used for the manufacture of H 2 O 2 and 0 and further as a 
bleaching agent. The hydrate of barium peroxide can be prepared by dissolving 
it in some acid e. g. HCl and adding Ba(OH) 2 . 

Barium cyanide Ba(CN) 2 . According to the method of Maroueritte and 
SouRDEND Ba(CN )2 can be prepared by heating a mixture of coal 
and BaO or BaC 03 ^ steam of N. The product is very impure, 
a large proportion consisting of barium cyanamide. The method is 
greatly improved according to the French Pat. 370420 by converting 
the cyanamide into cyanide by heating to red-heat in a current of 
hydrocarbons, CO, C 2 H 2 , &c. 

Barium percarbonate. This compound, until recently unknown, can be 
prepared according to Germ, Pat. 178019 by submitting BaOg to the action 
of CO 2 . The mixture must be kept alkaline and the temperature not allowed 
to rise above 30®. 


14. Barium permanganate BaMn208. It is prepared in the same way as 
calcium permanganate (see article Calcium compounds No. 14). Compare 
also English Pat. 28585 (1903) mentioned above under No. 10 Barium 
manganate. 

15. Barium persulphate BaS208 + 4 HoO. Obtained by the electro- 
lysis of barium sulphate in sulphuric acid. The persulphate forms 
crystals which do not deliquesce but gradually decompose into BaSOi, 
especially in a dry atmosphere. The solutions are more stable. 100 pts 
HjO dissolve 39 pts anhydrous persulphate at 0® and 52 pts of the 
crystalline salt. 

16. Barium platinooyanidb see under Platinum compounds. 

17. Barium sulphate BaS04 Barium colours. 

18. Barium sulphide BaS. Obtained by the reduction of BaS 04 with 
charcoal, tar or oils in furnaces. The anhydrous BaS is phosphorescent. It 
dissolves in HjO to form barium sulphydrate and barium hydroxide 


2 BaS + 2 HjO = Ba(OH )2 + Ba(SH) 2 . 
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The Germ. Pat. 154498 has for its object the preparation of a barium 
sulphydrate which can be used as the starting point for the manufacture of 
other barium compounds. According to this patent a mixture of heavy spar 
and coal is ignited and then lixiviated with HjO. Into the solution of barium 
hydroxide and barium sulphydrate thus obtained cither HgS or COj is passed 
which causes one of the following reactions 

Ba{OH)j -h Ba(SH)2 -f 2 H^S = 2 Ba(SH)2 -f 2 H^O 
Ba(OH)2 4- Ba(SH)2 + CO^ = BaCOg + BalSH)^ + H^O. 

In both cases a solution of barium sulphydrate is obtained from which no 
sparingly soluble double compounds of this salt with BalOH), can be separated. 
The solution is evaporated in vacuo and a lye is obtained which is free from 
polysulphides and can be used for the preparation of other salts. 

BaS is used principally for the manufacture of other barium preparations. 
In exact analysis it is used for the preparation of chem. pure H2S (free from As). 

19. Barium sulphocyanide BalCNSjo. Obtained by the distillation of 
ammonium sulphocyanide lyes with caustic baryta at 80 — 90® and 0.2 to 
0.4 atm. pressure and then pavssing in steam. Also obtained by boiling copper 
sulphocyanide with barium sulphide solution, drawing off the clear solution, 
and allowing it to crystallize. Ba(CNS)2 crystallizes with 2 H2O. 

20. Barium thiosulphate Ba S2O3 -I- HjO. Obtained as a precipitate 
on mixing solutions of sodium thiosulphate and barium acetate. 

21. Barium tungstate BaW04. H obtained in anhydrous crystals bv 
fusing 2 pts. Na2W04 with 7 pts BaCl2 and 2 pts NaCl and lixiviating with 
HjO. It 13 obtained by the wet method, in the form of large colourless crystals 
with vaiy’ing amounts of water of crystallization by precipitating Na2W04 
with Baf^lj solutions. 

Barium Compounds: 

Willy Manger, Dresden, Germany. 

Barol. An oil prepared from tar-oil. Its antiseptic properties are incre{i.sed 
(Germ. Pat. 121901) by theaddition of copper compounds. Brownish-black, very 
viscous oil, having a faint smell and high 8. G. It is used for preserving timber. 

Barrels. 

Iron barrels: 

Kleine, Nexischaefer k Co., Schwelm i. W., Germany. 

Barulin. Double salt of barium theobromine and .sodium salicylate. Its 
use de^nds on the combination of theobromine (diuretic action) and barium 
(by which the blood -pressure is increased). Barium is used in combination 
with an organic radical only in this compound. 

Basic dyestuffs. Those coal-tar dyes, which are the sulphates, oxalaU^s, 
chlorides, &c. of organic dye-bases, are termed basic dyes. They dye wool 
and silk without mordants, in neutral or slkhtly acid baths ; and cotton with 
the help of acid mordants such as tannin, Turkey red oil &c. The basic dyes 
are only partly soluble in HjO but are all soluble in alcohol. As a rule they 
possess a very great dyeing power and great brilliancy of tone, but are mostly 
not very fast to light, air and soap. 

Although the first aniline dyes all belonged to the basic class, these are now 
being more and more displaced in cotton and wool dyeing. They are however 
still of great importance for silk and Jute dyeing. 

Cotton and linen are usually treated first with tannin and then with tartar 
emetic solution before beinc dyed with the basic dyes. The antimony tannate, 
which is precipitated in tne fibre, forms stable lakes with the basic dyes, 
lastead of these tannin-antimony mordants (see under Tannin mordants), 
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the cotton may also be treated with Turkey red oil mordants (comp. Turkey 
BED OIL DYEING). Wool and jute require no mordants, but can be merely 
dipped into the warm dye-bath. For silk, too, no mordant is necessary; it 
inay be dipped into a slightly acid bath — usually with the addition of boiled- 
off liquor (prepared by removal of the silk size with neutral soap solution). 

Such a bath produces warmer shades. 

Batteries, galvanic. In the following, the common primary batteries 
are shortly described according to their arrangement. 

With regard to secondary elements see the article “Accumulators'". 

1. Becquerel’s Lead SULPHATE CELL. Zn in ZnSO. or dilute H2SO4, Pb in 
PbS04 -f dil. H2SO4. 

2. Bottger’s CELL. Outsidc Zn in dilute H2SO4 ; inside in porous cell carbon 
rod in K2Cr20: + HNO3 of Sp. Gr. 1.3. 

3. Buff-Bunsen CELL. Outside amalgamated Zn in dilute H2SO4 ; in porous 
cell a carbon cylinder in a solution of 12 K2Cr207, 100 H2O and 26 Engl. 
H2&O4 • E — — 2 V . 

4. Bunsen cell. Outside amalgamated Zn in dilute H2SO4; in a porous 
cell a carbon rod in cone. HNO3 of Sp. Gr. 1.3. Very constant element E = 1.9V. 
It evolves nitrous fumes. 

6. Carre’s cell. Composition is same as in 8 Daniel's element, with the 
exception that the diaphragm is not a porous ceil but parchment. 

6. Clark’s normal cell. The negative pole is amalgamated Zn, the 
positive amalgamated Pt; the electrolyte is a paste of cone. ZnS04 solution 
and a solution of mercurous sulphate. 

7. CuPRON cell. Plates of CuO hang constantly between two amalgamated 
Zn plates in sodium hydroxide. The elements supply a current till the CuO is 

; reduced to Cu. The latter can be oxidized again oy being washed and dried 
i in a warm place. When not in use the material is not attacked. E = 0.85 V. 

8. Daniel’s cell. Outside amalgamated Zn in dilute H2SO4, inside porous 
cell Cu in saturated CuSO. solution. E = 1.12 V. 

9. Decker cell. Zn in ail. H2SO4 in a flat thin-walled porous pot. Placed 
in a vulcanite cell containing a graphite electrode in a solution of NajCrjO, 

H2SO4. 

Kh Dipping cells. Zn and C dip together without a separating membrane 
in a solution of 125 parts K2Cr207, 250 Engl. H2SO4, and 1000 H2O. It is 
advantageous to add 10 parts HgS04 to the solution. According to another 
formula 75 KgCrgO, should be taken instead of 125 (the others remaining the 
same). The use of NajCrjO, is also recommended — the mixture then con- 
sisting of 125 Na2Cr207, 126 Engl. H2SO4, and 1000 H2O. The elements must 
[ only remain in the liquid as long as they are needed, and must be raised 
to avoid unneeessary waste when the cell is not in use. 

; IL Dry cells. There are of many different types. The kinds most used 

■ are m principle the same as the Lbclanch6’s cell. The vessel itself is made 
• of Zn and forms the negative pole, the positive is a C prism around which a 

■ mixture of manganese and charcoal is pressed. The exciting liquid is either 

[ ^ solution sucked up by saw dust, or a pasty mass of CaClUa, NH4CI, and 
f or finally a gelatinous mass containing different salts. 

extraordinary example of this type is the Siemens -Halskb dry cell 
'^ypo !)• The inventor has convinced nimself of its remarkable resistance 
and of its recovery after the most irregular evolution of current. 

12. Fi.ask CETiL see No. 26 dipping element. 

13. Grenet’s dipping element see No. 26 dipping element. 

14. Grove’s cell. Outside Zn in dilute H2SO4, inside porous pot Pt in 
oonc. HNOj, of Sp. Gr. 1.3. E = 1.8 V. Very constant cell, but evolves 
nitrous fumes. 
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15. Harrison cell. Negative pole is amalgamated Zn, the positive hard 
lead surrounded by PbOg. The exciting liquid is 16 % H2SO4; E = 2.45 V. 

16. Jijngner cell. (Norwegian Pat. 16132, 1906). On the bottom of a 
vessel coated with Pb a layer of pieces of coke is placed, and this is covered 
with a perforated lead plate. The cathode is a graphite briquette. H2SO4 is 
introduced to about half the height of the briquette, and the whole supported 
on columns in a larger vessel ; the space between the two vessels is closed with 
a cover. In this cover are zinc tubes for leading off water vapour. The two 
vessels are placed inside a third vessel and the space between packed with 
some non-conducting (heat) material. Vigorous action takes place when the 
electrodes are separated by a porous wall of asbestos, kaolin, slate, &c. 

17. LECiiANCHE’s CELL. In tfie Original arrangement amalgamated Zn was 
outside in a saturated NH4CI solution, inside was a carbon rod in a mixture 
of granulated charcoal and manganese in a porous pot. Now however the porous 
cell is left out and instead, a cylinder, pressed out of manganese and charcoal 
is Uvsed. The latter is placed together with the Zn, which it must not touch, 
in a jar containing an NH4CI solution 1:4. E = 1.48 V. 

18. Marie-Davy cell. Zn in dilute H2SO4 (1 : 20), carbon in a paste of 
mercurous sulphate and HgO. E = 1.52 V. 

19. Meidinoer cell (Balloon cell). In the bottom (narrow) part of the 
jar a Cu rod stands in a saturated CUSO4 solution; in the upper (wide) part 
is a Zn rod in saturated MgSO. solution. 

20. Normal cell see Clark’s normal cell. 

21. Post office cell see Telegraphic cell. 

22. Siemens-Halske cell see No. 26. 

23. Silver chloride cell. Amalgamated Zn is the negative pole; tho 
positive, which stands in a cell of parchment paper, consists of a sheet of silver 
surrounded by AgCl. The exciting liquid is either NH4CI solution or NaCl 
solution, 

24. S.mee's cell. Platinized Zn plate between two amalgamated Zn plates; 
all three stand together without diaphragm in H2SO4. 1 : 2. 

25. Telegraphic cei,l. The negative pole is Zn in saturated Zn804 solution, 
the positive a copper-plated Pb plate in CUSO4 solution (with CUSO4 crystals). 
The liquids .separate because of the different Sp. Gr., on which account the cell 
must be kept undisturbed. A diaphragm is not needed. 

Bearing metals. Alloys for the preparation of bearings for the moving 
parts of machines; they must run with very little friction and offer great 
resistance to high pressures. A distinction is made between bearing metals 
which consist of a Cu-Sn alloy with a small amount of Zn, and those which 
contain, besides antimony and lead, small amounts of Cu and Sn. Tho former 
are called “red-bra.ss” or “machine bronze" (see under “ Bronzes" and “Copper 
alloys"). The latter are termed “white metal" or “antifriction metal" (see 
under Antimony alloys). 

Red brass tx;aring metals contain about 82 — 89 % Cu and 11— >18%Sn; 
a certain amount of hardness and ductility may be given to the red brass 
by the addition of Sn and Zn. If hardneas and strength are required then 
bearing metals rich in copper must always be chosen. Thus for instance 
a well trie<i red brass bearing metal for locomotive axles consists of 89 % Cu, 
7.8 %Zn, 2.4 %Sn, and 0.8 %Fe; another of 85.3 %Cu, 2.0 % Zn, and 
12.7 % Sn ; a third of 73.5 % Cu, 9.0 % Zn, 9.5 % Sn, 7.5 % Pb, and 0.6 % Fe. 

White l)earing metals are more readily fusible than those rich in Cu; they 
also do not wear away the plugs and shafts so much on account of their 
softness. But even in spite of this the durability is almost the same if the 
composition is correct; however they will not stand heating of the axle 
beanngs due to improper lubrication. Railway bearing metals consist for 
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Table of brewing processes. 


■ 

;■ Process 

Place or Apparatus 

Time 


I. Malting. 

] . Clearing of tho Barley. 

Revolving Malt- 
scroens. 

— 

2. Steeping of the Barley. 

Steeping Tanks or 

About 


cisterns. 

3 days. 

3. Germination of 

Malting-floor. 

7 to 

the Steeped Barley 
(..Flooring”). 


10 days. 



4. Kiln-drying of the 

Malt-kiln. 

16 or 

Germinated Barley. 


24 hours. 

5. Clearing of tho Malt. 

Rotary Sieves. 


(). Crushing of the Malt. 

Malt Mill. 

— 


II. 

Brewing. 

7. Mashing. 

Brewing-house 

4 to 


Appliances: 

1. Mash-tun. 

2. Decoction Pan. 

5 hours. 

8. Filtration. 

3. Filtration-tub 

2 to 


with a bottom of 
perforated metal. 

4 hours. 

6. Boiling of tho Wort. 

4. Wort Copper. 

2 hours. 

10. Separation of the 

5. Hoi)back. 


Wort from tho Spent 
hops. 


1 1. Cooling of the Wort. 

Cooler and Refri- 

3 to 


gerator. 

5 hours. 


Object of the Process 


Romoval of Dust, Seeds of Weeds, 
Broken Corns, etc. 

Supplying the Barley with the 
Water required for growth. 

Loosening of the Mealy Substance of 
the Barley and Conversion of its Al- 
buminoids into the Ferment Diastase. 

Arrest of Germination. For- 
mation of Substances important 
for tho flavour of Beer and the 
Feeding of Yeast. 

Romoval of Radicles and Dust. 

Comminution of the Malt Grains in 
order to present a larger surface to 
tho action of tlie Water in Msishing. 

Change of the Starch of the Cru- 
shed Malt into a Saccharine Extract 
by the Heating of the Mash in tho 
Maeh-tun. Tho Heating takes place 
in stages; three times in succession a 
portion of the mash is boiled in tho 
Decoction pan an then pumped back 
into the mtish-tun (decoction process). 

Separation of tho sweet wort from 
malt husks, and filtration of the 
former through the layer of the luttor. 
Tlio filtered wort runs into the wort 
copper; tlio residue is washed out 
with hot water and forms a nitro- 
genous cattle food. 

Boilling of tho Wort aftor mixing 
with the wivshing waters and after 
addition of hops. 


Cooling and clearing of tho* boiling 
wort; reduction to temperature of 
fermentation (6,2® C or 43,2® F). 


III. Fermentation. 


12. Primary Fermen- 
tation. 

For menting-house. 
Fennonting-tuns, 

7 to 

14 days. 

13. Secondary 
Fermentation. 

Storage Ctdlar. 
Storage Cewks. 

6 to 

8 weeks. 

14. Bunging. 

- 

About 

8 days. 

13. Barrelling and 
Marketing. 




Ferment: Yoost. Fomiation of 
Alcohol and carbonic acid. Depo- 
sition of most of the added and 
newly formed Yeast. 

Deposition of ’the Yoaat-celLs, etc., 
and Clearing. Saturation with car- 
bonic acid while cooling to the 
Cellar temperature (1,25 — 2,5® C or 
34,25—36,5® F). 

Supersaturation with the carbonic 
jveid, formed during tho secondary 
fermentation under pressure in tho 
cask, in order to produce tho foam 
in retailing. 
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example of 80 % Sn, 12 % Sb, and 8 % Cu, others of 14 % Sn, 80 % Sb, 
6 % Cu, and 1 % Ni, others again of 42 % Sn, 16 % Sb, and 42 % Pb, or of 
12 % Sn, 20 % Sb, 8 % Cu and 60 % Pb. It was formerly thought that the 
quality of the white bearing metals was worse the higher the S. G. which is 
influenced in this direction by the percentage of Pb ; but recently the white 
metals rich in lead have been preferred. For example, the following 
bearing metals, which contain approx. 78 % Pb, possess excellent 
properties. — Gly metal, atlas metal, magnolia metal, and m3rrtle 
antifriction metal. 

Becquerel rays see Radio acjtive substances. 

Beech wood charcoal see Wood tar and Charcoal burning. 

Beech wood tar see Wood tar and Charcoal burning. 

Beer. Raw materials for beer brewing are barley, hops and water. The 
separate operations in brewing are collected into the following table 
taken from Possannbr (Chem. Technologic der landw. Gewerbe. Teil I). 

The water used for malting and the preparation of wort must be at least 
equal to good drinking water. A certain hardness in the water seems to be 
rather advantageous than otherwise, at least in so far as the hardness is the 
result of gypsum; a too high percentage however reduces the extra yield. 
The following may be considered reliable limits for the water for brewing 
purposes:— 1 1 water must not contain more than 500 mg total solids, 112 mg 

35 mg a, 27 mg N^Og; at the most 0.008 grms 
KMn04 must be necessary to oxidize the organic matter. The hardness must 
not exceed 16—18 German degrees of hardness; NH3 and NgOg must be 
absent. It is especially important that the water should contain very few 
micro-organisms, especially such ^ would multiply in the wort and thus 
impair the quality. ^ An ozone-sterilisation plant is recommended for rendering 
water which contains a large number of bacteria serviceable for breweries, 
as well as for destroying the harmful Sarcina, which are often found in brewery 
waters during the summer months. 

With regard to malting see article on Malt. 

The real brewing process may be divided into 

1. Preparation of the wort, 

2. Boiling the wort with hops, 

3. Cooling the wort. 

The wort is obtained by mixing the crushed malt with HgO and heating 
to 75®. Mashing. In Germany the thick-mashing process (decoction process) 
is almost exclusively practised. In this, the thicker part of the mash is ladled 
out and heated to boiling in a special mashing boiler, and then emptied back 
into the mashing tub until the mash has reached the temperature of 75®. 

The following apparatus are used. 

1. Fore-mashing apparatus for mixing the crushed malt with cold water. 

2. Masking tub, used for mashing, and also for clarifying (in smaller 
breweries). 

3. Clarifying vats, only used in factories on a large scale. The wort is 
strained through metal sieves, that is it is separated from the grains, and 
the latter treated with HoO. As already mentioned, the mash tub is also 
used in small works as a clarifying vat. Recently filtration of the mash has 
been more and more recommend^; such mash-filters can be used directly 
in place of the clarifying vats. 

4. Masking boilers (thick mashing boilers), for heating the thicker part 
of the mash. 

5. Wort pan (brewing boiler) usually with a stirring arrangement; for 
boiling the wort with hops. A heater produces the necessary hot water. 
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6. Hop strainer. With regard to hops see special article. The hop strainer 
is used for removing the hops from the finished wort. 

7. Cooling arrangements. The finished wort must be cooled as quickly 
as possible to 5® (for slightly fermented beers), for which coolers (that is, 
large flat iron vessels) are generally used; horizontal sails acclerate the action. 
Recently, surfaces cooled by trickling water have been used with advantage, 
partly as a substitute and partly to perfect the cooling pans. The apparatus, 
which prevents the entrance of air (and, in doing so, the possibility of infection 
with micro- organisms) during the boiling, sterilisation, and cooling, are still 
more advantageous. 

The concentration of the finished beer- wort is usually expressed in degrees 
of the Balling’s saccharometer. This gives the percentage of a cane sugar 
solution of 17.5®, but may however also be used for worts without any special 
errors, seeing that the density of the wort is influenced by the dry substance 
practically in the same way as the sp. Gr. of a sugar solution is by 
the sugar. 

The checking of the amount of extract of the wort is necessary in the first 
place in order to a.scertain the yield from the malt, and in the second place 
to bring the wort up to the required value. 

The following tables show the relations between saccharometer degrees 
Balling and the S. G. 


Conversion of saccharometer degrees Balling into S. G. 
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0.0 

' 1.000 

3.4 

1.014 

6.8 

1.027 

10.2 

1.041 

13.6 

1 . 0.56 

17.0 

1.070 

0.2 

1.001 

3.6 

l .(»14 

7.0 

1.028 

10.4 

; 1.042 

13.8 

1.056 

17.2 

1.071 

0.4 

1.002 

3.8 

l . ul .5 

7.2 

1.029 

10.6 

1 1.043 

14.0 

1 . 0.57 

17.4 

1.072 

0.6 

1.002 

4.0 

1.016 

7.4 

1.030 

10.8 

' 1.044 

14.2 

1 . 0.58 

17.6 

1.073 

0.8 

1.003 

4.2 

1.017 

7.6 

1.031 

11.0 

: 1.045 

14.4 

1 . 0.59 

17.8 

1.074 

1.0 

i 1.004 

4.4 

1.018 

7.8 

1.031 

11.2 

1,046 

14.6 1 

! 1.060 

18.0 ! 

1.074 

1.2 

1.005 

4.6 

1.018 

8.0 

1.032 

11.4 

, 1.046 

14.8 

1.061 

18.2 

1.075 

1.4 

1.006 

4.8 

1.010 

H .2 

1.033 

11.6 

1.047 

1 . 5.0 

1.061 

18.4 ! 

1.076 

1.6 

: 1.006 

. 5.0 

1.020 

8.4 

1.034 

11.8 

1.048 

15.2 

1.062 

18.6 

1.077 

1.8 

1.007 

5.2 

1.021 

8.6 

1.035 

12.0 

: 1.049 

15.4 

1.063 

18.8 

1.078 

2.0 

; 1.008 

5.4 

1.022 

8.8 

1.036 

12.2 

1 1.050 

1 , 5.6 1 

1.064 

19.0 

1.079 

2.2 

1.009 

5.6 

1.022 

9.0 

1.036 

12.4 

1.051 

1 . 5.8 

1.065 

19.2 

1.080 

2.4 

1 1.010 

5.8 

1.023 

9.2 

1.037 

12.6 

1.051 

16.0 

1.066 

19.4 ■ 

1.081 

2.6 

i 1.010 

6.0 

1.024 

0.4 

1 . 0.38 

12.8 

1 . 0.52 

16.2 

1.067 

19.6 

1.081 

2.8 

; 1.011 

6.2 

, 1.025 

9.6 

1.039 

13.0 

1.053 

16.4 

1.067 

19.8 

1.082 

3.0 

1 1.012 

6.4 

' 1.026 

9.8 

1.040 

13.2 

1 . 0.54 

16.6 

1.068 

20.0 

1.083 

3.2 

1 1.013 

6.6 

1.026 

10.0 

1.040 

1 . 3.4 

1.055 

16.8 

1.069 




If the saccharometer degree of the wort be called s, the corresponding 
S. G.-Dandthe amount of extra<;t we have have to find (E)’(in kilogrammes 

per 1 lit. wort), then ^ ; E = If q litres of wort have been 

obtained from p kilogram malt then the yield of extract from 100 pts malt 

(that is, also in %) = If the wort is measured instead of weighed 

P- 

(as in Bavaria), then we must take into consideration 1 1 malt = 0.613 kg. 
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Reduction of the specific gravities to soccharometer degrees (Balling). 


1.008 

1.009 

1.010 

1.011 

1.012 

1.013 

1.014 

1.016 

1.016 

1.017 

1.018 

1.019 

1.020 

1.021 

1.022 

1.023 

1.024 

1.026 

1.026 

1.027 

1.028 

1.029 

1.030 

1.031 

1.032 

1.033 

1.034 

1.036 

1.036 

1.037 

1.038 

1.039 

1.040 

1.041 

1.042 

1.043 

1.044 

1.046 

1.046 

1.047 

1.048 

1.049 

1.060 
1.051 
1.062 
1.063 
1.054 

1.066 

1.066 

1.067 
1.058 
1.069 

1.060 

1.061 

1.062 

1.063 

1.064 


0 

1 

2 

m 

■ 

2.000 

2.025 

2.060 

2.075 

2.100 

2.250 

2.276 

2.300 

2.325 

2.360 

2.600 

2.626 

2.550 

2.575 

2.600 

2.750 

2.776 

2.800 

2.825 

2.850 

3.000 

3.025 

3.050 

3.076 

3.100 

3.250 

3.275 

3.300 

3.326 

3.350 

3.500 

3.526 

3.. 550 

3.576 

3.600 

3.750 

3.776 

3.800 

3.825 

3.850 

4.000 

4.025 

4.060 

4.075 

4.100 

4.260 

4.276 

4.300 

4.325 

4.350 

4.500 

4.626 

4.660 

4.575 

4.600 

4.750 

4.776 

4.800 

4.825 

4.850 

6.000 

6.025 

5.060 

5.075 

6.100 

6.250 

6.275 

6.300 

6.325 

5.350 

5.500 

5.525 

6.550 

6.576 

5.600 

5.760 

6.775 

5.800 

6.825 

5.850 

6.000 

6.024 

6.048 

6.073 

6.097 

6.244 

6.268 

6.292 

6.316 

6.341 

6.488 

6.512 

6.636 

6.560 

6.584 

6.731 

6.756 

6.780 

6.804 

6.828 

6.975 

7.000 

7.024 

7.048 

7.073 

7.219 

7.244 

7.268 

7.292 

7.316 

7.463 

7.488 

7.512 

7.536 

7.560 

7.706 

7.731 

7.766 

7.780 

7.804 

7.950 

7.975 

8.000 

8.024 

8.048 

8.195 

8.219 

8.244 

8.268 

8.292 

8.438 

8.463 

8.488 

8.612 

8.536 

8.681 

8.706 

8.731 

8.766 

8.780 

8.925 

8.950 

8.975 

9.000 

9.024 

9.170 

9.195 

9.219 

9.244 

9.268 

9.413 

9.438 

9.463 

9.488 

9.612 

9.667 

9.681 

9.706 

9.731 

9.756 

9.901 

9.925 

9.960 

9.975 

10.000 

10.142 

10.166 

10.190 

10.214 

10.238 

10.381 

10.404 

10.428 

10.452 

10.476 

10.618 

10.642 

10.666 

10.690 

10.714 

10.867 

10.881 

10.904 

10.928 

10.952 

11.096 

11.119 

11.142 

11.166 

11.190 

11.333 

11.367 

11.381 

11.404 

11.428 

11.671 

11.695 

11.619 

11.642 

11.666 

11.809 

11.833 

11.867 

11.881 

11.904 

12.047 

12.071 

12.095 

12.119 

12.142 i 

12.286 

12.309 

12.333 

12.367 

12.381 1 

12.623 

12.647 

12.671 

12.596 

12.6191 

12.761 

12.786 

12.809 

12.833 

12.867 

13.000 

13.023 

13.047 

13.071 

13.095 

13.238 

13.261 

13.285 

13.309 

13.333 

13.476 

13 . i )00 

13.623 

13.547 

13.671 

13.714 

13.738 

13.761 

13.786 

13.809 

13.952 

13.976 

14.000 

14.023 

14.047 

14.190 

14.214 

14.238 

14.261 

14.286 

14.428 

14.462 

14.476 

14.600 

14.523 

14.660 

14.690 

14.714 

14.738 

14.761 

14.904 

14.928 

14.952 

14.976 

16.000 

15.139 

16.162 

16.186 

16.209 

15.232 

16.371 

15.395 

16.418 

15.441 

16.464 

15.604 

16.627 

16.660 

16.674 

16.697 


6 

6 

7 

8 

9 

2.125 

2.150 

2.176 

2.200 

2.226 

2.375 

2.400 

2.425 

2.450 

2.475 

2.625 

2.660 

2.675 

2.700 

2.725 

2.875 

2.900 

2.925 

2.950 

2.975 

3.125 

3,150 

3.175 

3.200 

3.225 

3.375 

3.400 

3.425 

3.450 

3.475 

3.625 

3.660 

3.675 

3.700 

3.725 

3.876 

3.900 

3.925 

3.950 

3.975 

4.125 

4.150 

4.175 

4.200 

4.225 

4.375 

4.400 

4.425 

4.450 

4.475 

4.625 

4.650 

4.675 

4.700 

4.725 

4.875 

4.900 

4.925 

4.950 

4.976 

6.125 

5.150 

5.175 

5.200 

5.225 

5.375 

5.400 

5.425 

5.450 

5.475 

5.625 

5.650 

5.675 

5.700 

5.725 

5.875 

5.900 

6.925 

5.950 

5.975 

6.122 

6.146 

6.170 

6.195 

6.219 

6.365 

6.389 

6.413 

6.438 

6.463 

C . G 09 

6.633 

6.657 

6.681 

6.706 

6.853 

6.877 

6.901 

6.925 

6.950 

7.097 

7.122 

7.146 

7.170 

7.195 

7.341 

7.365 

7.389 

i 7.413 

7.438 

7.584 

7.609 

7.633 

7.657 

7.681 

7.828 

7.853 

7.877 

7.901 

7.925 

8.073 

8.097 

8.122 

8.146 

8.170 

8.316 

■ 8.341 

8.365 

8.389 

8.413 

8.660 

8.584 

8.609 

8.633 

8.657 

8.804 

8.828 

8.853 

8.877 

8.901 

9.048 

9.073 

9.097 

9.122 

9.146 

9.292 

9.316 

9.341 

9.365 

9.389 

9.636 

9.560 

9.584 

9.609 

9.633 

9.780 

9.804 

9.828 

9.853 

9.877 

10.023 

10.047 

10.071 

10.095 

10.119 

10.261 

I 10.285 

10.309 

10.333 

10.357 

10.500 

10.523 

10.547 

10.571 

10.595 

10.738 

10.761 

10.785 

10.809 

10.833 

10.976 

11.000 

11.023 

11.047 

11.071 

11.214 

1 11.238 

11.261 

11.285 

11.309 

11.452 

11.476 

11.500 

11.523 

11.647 

11.690 

11.714 

11.738 

11.761 

11.785 

11.928 

11.952 

11.976 

12.000 

12.023 

12.166 

12.190 

12.214 

12.238 

12.261 

12.404 

12.428 

12.462 

12.476 

12.600 

12,642 

12.666 

12.690 

12.714 

12.738 

12.881 

12.904 

12.928 

12.952 

12.917 

13.119 

13.142 

13.166 

13.190 

13.264 

13.357 

13.381 

13.404 

13.428 

13.452 

13.595 

13.619 

13.642 

13.666 

13.690 

13.833 

13.857 

13.881 

13.904 

13.928 

14.071 

14.095 

14.119 

14.142 

14.166 

14.309 

14.333 

14.357 

14.381 

14.404 

14.547 

14.671 

14.595 

14.619 

14.642 

14.786 

14.809 

14.833 

14.867 

14.881 

16.023 

15.046 

15.070 

15.093 

15.116 

15.266 

16.278 

15.302 

16.325 

15.348 

15.488 

15.511 

16.634 

16.667 

16.681 

16.721 

16.744 

16.767 

16.790 

16.814 
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0 


2 

3 

4 

6 

6 

7 

8 

9 

1.065 

15.837 

15.800 

15.883 

15.907 

15.930 

15.953 

15.970 

16.000 

16.023 

16.046 

1.066 

16.070 

16.093 

16.116 

16.139 

16.162 

16.186 

16.209 

16.232 

16.255 

16.278 

1.067 

10.302 

16.325 

16.348 

16.371 

16.395 

16.418 

16.441 

16.464 

16.488 

16.511 

1.068 

16.534 

16.557 

16.581 

16.604 

16.627 

16.650 

16.674 

16.697 

16.721 

16.744 

1.069 

16.767 

16.790 

16.814 

16.837 

16.860 

16.883 

16.907 

16.930 

16.953 

16.976 

1.070 

17.000 

17.022 

17.045 

17.067 

17.090 

17.113 

17.136 

17.158 

17.181 

17.204 

1.071 

17.227 i 

17.250 i 

17.272 ! 

17.295 

! 17.318 

17.340 

17.363 

17.386 

17.409 

17.431 

1.07g 

17.454 

17.477 ! 

17.500 I 

17.522 j 

17.545 

17.568 ! 

17.590 

17.613 

17.636 

17.659 

1.073 

17.681 i 

17.704 j 

17.727 1 

17.750 

I 17.772 

17.795 j 

17.818 

17.841 

17.863 

17.886 

1.074 

17.909 i 

17.931 ; 

17.954^ 

17.977 1 

1 18.000 i 

18.022 1 

18.045 

18.067 

18.090 

18.113 

1.075 

18.137 : 

18.158 

18.181 i 

18.204 ! 

1 18.227 

18.250 ; 

18.272 

18.295 

18.318 

18.340 

1.076 

18.363 

18.386 

18.409! 

18.431 1 

18.454 I 

18.477 i 

18.500 

18.522 

18.545 

18.569 

1.077 

18.590 

18.613 

18.636 1 

18.650 i 

18.681 1 

18.704 

18.724 

18.750 

18.772 

18.795 

1.078 

18.818 

1 18.841 

I 18.863 : 

18.886; 

18.909 1 

18.931 

18.954 

18.977 

19.000 

19.022 

1.079 

19.045 i 

1 19.067 

19.090 

19.113 

19.136 i 

19.158 1 

19.181 1 

19.204 

10.227 

19.250 


If the saccharometer sauiplc is not taken at 17.5^, but at some other tem- 
perature, then the reading must be reduced to the normal temperature of 
17.5® C. according to following table. 
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To convert tlie wort into beer it is nuule to ferment by the addition of 
yeast, by wliich means the sugar (malto.se) is split into alcohol and COj. 

With regard to yeast, pure cultivation and apparatus, .see special article 
on Yeast. 

A distinction is made between highly fermented and .slightly f(*rmented 
beers. The former fermentation takes place at 12— 19®0. ratluT quickly 
by which the yeast is driven to the surface by the (’Oo. With the exception 
of the English beers porter and ale, it may be said that tlie highly fermented 
beers are less stable than the .slightly fermented (brewed according to Bavarian 
or Bohemian .style). The light fermentation takes place very slowly at a 
temperature of 5 — 10 ®. The yeast settles then on the bottom (under yeast). 

The fermenting vats are usually made of wood. The cooling of the fermenting 
cellar is carried out either by means of natural ice or by freezing machines. 
Either the whole cellar or each separate vat is (jooled. AfUir the principal 
fermentation, the beer undergoes in the store cellar at 0" another after- 
fermentation. During this it is drawn off into transport barrels and bunged 
in order to increase the amount of COj. On being drawn off it is usually sent 
through a filter pre.ss to render it perfectly clear. 

To make the beer keep better, it is either browed stronger or the finished 
beer is pasteuri.sed by heating in stoppered bottles to 50®— 60®. Concerning 
pa8teuri.sation see also and „Fre.servation.“ With regard to the 

size of the apparatus necessary for brewing, the following are needed for 
1 hi of mash. 
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1.40 hi mashing tub room, 0.70 hi mash boiler room, 1.66 hi clarifying vat- 
loom, 1.45 hi wort panroom. 

The fermenting vats are manufactured in different sizes of 18 — 40 hi. 
The capacity of the oak store barrels, the interior of which is pitched, varies 
between 20 — 80 hi. The barrels are stored in two rows, one above the other. 
Then for 1 sq. met. cellar floor is reckoned, for small barrels 12 hi store beer, 
for average barrels 13 hi store beer and for very large barrels 14 hi store beer. 
The amount of pitch necessary for pitching amounts to 0.3 — 0.7 kg for every 
I hi capacity of barrel. 

The brewers’ grains left after mashing are dried in a special apparatus and 
form an excellent feeding material 

Of late years Weber has recommended fermenting vats of glass instead 
of those of wood. The taste of the beer produced in glass vats is said to be 
much purer than that made in wooden tubs, and the vessels can be more 
quickly and thoroughly cleaned. 

On the other hand the surfaces of metallic vessels, especially those of iron, 
in which beer is made or stored are coated with a layer of oleates which is 
obtained by boiling the vessels with linseed oil or castor oil. According to the 
Germ. Pat. 153505 the metallic surface is treated first with tannic 
acid and then coated with a varnish. On the other hand the Germ. 
Pat. 154405 specifies that the vessels are first to be treated with 
tannic acid, and then boiled as above with linseed oil, castor oil 
or rectified resin oil. 

The Germ. Pat. 158841 alters the latter process in such a 
way that after the surfaces have been treated with tannic acid 
and with oil, the vessels are exposed to the action of hot compressed 
air at 350^—400®, 

Quite a sensation has been created by Nathan’s new process of making 
beer (Germ. Pat. 135530), according to which a beer of good taste is obtained 
within 8 days. The method depends on the fact that a very rapid development 
of alcohol is brought about by stirring and continually passing air through 
the wort. The pleasant tasting aromatic substances are also quickly formed, 
and the so-called young bouquet is removed without storing. One condition 
however, is that the apparatus must be kept completely sterile, on which 
account only closed I'namclled vessels, w'hich arc easy to clean, can be employed. 
The j)riiudpal apparatus in the process (called the llansena apparatus) 
has a capacity of 12000 1 and is covered with a five-fold glass layer, which has 
been fused at a high temperature to the interior wall of the yeast vessel. The 
eiianud must not only be acid proof but also unaffected by great differences 
of temperature and must not be fragile. The hot wort is brought into the 
Hansena apparatus, agitated by a long enamelled stirring shaft, and cooled 
by means of the water which flows through the mantle. The wort absorbs 
simultancoiisly at its surface filtered sterile air. When the temperature has 
fallen to 50® the stream of air is shut off and CO 2 is allowed to enter 
the vessel. 

Then the temperature is allowed to fall to 10®, the yeast drawn in by means 
of a vacuum pump, and agitated a few minutes every hour by the stirrer. 
The CO 2 which is developed is drawn off, purified and liquefied. As soon as 
the beer shows “head” tlie yeast is allowed to set and is removed from the 
apparatus in a thick form. Then it is heated to about 15®, CO 2 blowm in through 
the bottom, and the mass constantly agitated. The CO 2 is drawn off at the 
top, purified and allowed to enter again. In this way the disagreeable and 
unpleasant tasting substances, which are all volatile, are removed. The beer 
is then cooled, saturated wdth CO 2 and passed through a filter and is ready 
for sale. 
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Bees’ honey. 


Preservatives : 

E. S. Spencor Ld., Drummond Works, Drummond Rond, London S.K. 

Yeast; 

E. S. Spencer Ld., Drummond Works. Drummond Road, London S.E. 

Brewer’s Materials: 

E. S. Spencer Ld., Drummond Works, Drummond Rond, T.ondon S.E. 

Brewing Pans: 

Friedrich Heckmann, Berlin SO. 16, Briickenstr. 6b (seo mlvts.). 

Bees’ honey sec Honey. 

Bees’ wax see Wax. 

Beet-root molasses see “Molasses”. 

Beet-root sugar .see Sugar manufacture and suoar.s. 

Bellite see Safety explosives. 

Benzal chloride CgHj . CHCU (Benzylidene chloride). It is obtained 
technically by the action of chlorine on boiling toluene . CH3 -j- 2 Clj 
= CgHg . CHClo -f 2 HCl. Benzyl chloride and other chlorine substitution 
products are also fonued by this reaction. Rectification is however not generally 
carried out commercially because benzal chloride is merely an intermcdiaU^ 
product in the manufacture of benzaldehyde, benzoic acid and cinnamic 
acid. 

Benzaldehyde (Bitter almond oil) . COH. Until recently it was 
obtained commercially almo.st entirely from benzal chloride by heating the 
latter under pre.s.sure with milk of lime 

CgHj . CHCI2 + Ca(OH)2 = CeHg . COH -f HjO -f CaClj. 

It is distilled w ith steam, purified with sodium bisulphite and again distilled. 
Of late years the (lerni. l^at. 154499 has become very important. According 
to this, benzaldehyde may be obtained directly from benzene by treating the 
latter, in the pre.sencc of Cu or cuprous chloride and aluminium bromide or 
iodide, with a mi.xture of carbon monoxide and HCl or HBr. 

Finally benzaldehyde may be obtain(‘d by the oxidation of toluene, and in 
this connection the Germ. Pat. 15*1499 is important. According to this, 
aqueous sulphurous acid is used instead of alkali oisulphite for the manufacture 
of pure aromatic aldehydes which are insoluble in HgO, and the purified 
aldehyde.s are then precipitated from the clear solution thus obtained. For 
example, by the oxidation of t<duene with PbO, and HjSO^ a crude product 
is obtained which contains, besides 60 % unaltered toluene, 40 % benzaldehyde. 
100 kg of this product are well mixed with 400 1. 1^0 at 15° and into th(‘ 
emulsion 25 — 30 kgs sulphurous acid arc pas.sed. Tme remaining insoluble 
toluene is then separated from the aqueous solution of aldehyde sulphite and 
the latter gradually heated to 100° with the object of obtaining the aldehyde. 
Above 30°, sulphurous acid is lilxirated, and is at once used for future work. 
On cooling, 36^38 kg of pure benzaldehyde separate. By using the water 
from the benzaldehyde for the next charge the small amount of benzaldehyde 
which remains dissolved in HjO is regained. 

Clear strongly refracting liquid, S. G. 1.0604. B. P. 179.2°, insoluble in HjO 
very readily soluble in alcohol and ether, oxidizes in the air to benzoic acid. 
Benzaldehyde is used for the preparation of numerous tar dyes. 

Benzanalgene see Anajaibne. 
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Benzene (Benzol) This important constituent of coal tar can be 

obtained now-a-days in much greater quantities seeing that coal tar is no 
longer obtained only in the manufacture of gas but also as a by-product 
in the coke industry. It is to the interest of the gas manufacturers tnat the 
benzene which is the chief illuminant in coal-gas, should remain as far as 
possible in the latter; whereas in the coking process, this factor does not 
enter, seeing that the heating effect of the gases is the only thing that comes 
into consideration, and this is in no way influenced by the absence of benzene. 
For this reason, in the manufacture of coke not only is benzene obtained 
from the tar, but also the gases before being returned to the coke furnaces 
are subjected to a special treatment with the object of separating the benzene. 

This separation is carried out cither with the help of cooling apparatus, 
which causes benzene to solidify, or according to Brunck's method, by 
washing the gas with oils of high boiling point which retain the benzene. 

Benzene is obtained from coal-tar by fractional distillation (see article 
Coaltar). The commercial product is not pure but contains various im- 
purities. The rectification is generally carried out so that three fractions 
are obtained viz. 90% benzene, 50% benzene and solvent naphtha; with 
regard to latter see special article. The commercial 50 % benzene must 
contain 50% of constituents which volatilize below 100®, and the 90% benzene 
must contain 90 % of such constituents. By the further fractionation of the 
50 % benzene, which is generally carried out in a column apparatus 30 — 40 % 
of pure benzene may be obtained, 5 % of so called “benzene for red"’ (i. e. a 
mixture of benzene and toluene) 35 — 40 % pure toluene and 5 — 8 % xylene, 
whereas from the 90 % benzene the following may be obtained 65 — 75 % 
pure benzene, 10 % “benzene for red”, and 2—4 % toluene and xylene. 

The column apparatus used in the separation of pure hydrocarbons are 
fitted with dephlegmators and resemble those employed in the rectification 
of alcohol. Tlie Germ. Pat. 140824 protects a rectification column for benzene 
which is said to be characterised by the small consumption of HgO and steam. 
The vapours enter the rectification column at the top and not as usual at 
the bottom. The separation of vapour and condensed liquid is carried out 
by means of peculiarly constructed shelves. 

^'iKiFORow’s process for obtaining aromatic hydrocarbons (especially 
benzene) from crude mineral oil is also important. According to this process, 
which is patented in almost all countries, the mineral oil is distilled in horizontal 
iron retorts first at oOO® and then under increased pressure at 1000®. In this 
way 12 % of the crude oil taken is obtained in the form of benzene and toluene, 

I % as anthracene and 2 — 3 % as naphthalene. The w aste products consisting 
of gas, coke and heavy oil arc used as fuel. 

Tills process can only be used when* large quantities of mineral oil are 
available at small cost; and even then, taking into consideration the low 
price of benzene there is little prospect of success (Germ. Pat. 143549). It 
should be noted that this patent does not concern the real process for obtaining 
aromatic hydrocarbons but merely the arrangement for purification. 

Gf the different methods for purifying benzene that of Schwalbe (Germ. 
P.it. 133761) may be mentioned. It has as its object the separation of the 
sulphur compounds, especially carbon disulphide and thiophene, from crude 
benzene, by the action of moist ammonia under ordinary or increased pressure. 
Oily drops are formed which collect under the benzene; the washed benzene 
is thus Obtained perfectly free from sulphur compounds. 

The removal of thiophene is also attempted by the processes of 1. Dimroth 
and 2. von Lippmann and Pollak. In the first-named process the boiling 
benzene is treated with a solution of mercuric acetate, and in the second, with 
sulphur chloride. These reagents form compounds with the thiophene while 
the benzene itself is not attacked. 
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Benzene, benzoyl, and benzyl compounds. 


Pure benzene is a mobile, colourless liquid of peculiar smell; S. G. 0.8841 
at 15®; B. P. 80.5®. It solidifies at 0® forming large rhombic crystalline plates 
which melt at 3®. It is miscible with alcohol, ether, acetone &c., and is almost 
insoluble in HoO, readily inflammable, bums with a luminous smoky flame, 
dissolves fats, volatile oils, caoutchouc, guttapercha, camphor, &c. Chemically 
pure benzene is obtained by the distillation of benzoic acid with quicklime. 

Benzene is the starting point for the preparation of very many aromatic 
compounds. It is further used as a solvent and purifying agent for numerous 
organic substances and is now especially important as tlie starting point for 
the synthetic preparation of indigo; compare Indigo dyes. 


The following table shows the products of commercial benzene 
at different temperatures. 
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The French Pat. 348501 treats of the manufacture of benzene emulsions 
Such benzene-water mi.xtures are much less inflammable than the pure 
hydrocarbon. 

Solid benzene is also manufactured in a manner similar to that by which 
benzine, petroleum and spirits are rendered solid. (Comp, articles on Benzine, 
MINERAL OIL and Hard spirits.) 

Benzene : 

Forbes, Abbott & Lenrmrd L(i., 85 Grticechurch St., London K.C. 

Benzene apparatns: 

Volkrnnr Haenig & Cornp., ilcidvnaU'Drt'sdon, Gonnuny (soo front jmrt lidvt.). 

Benzene, benzoyl, and benzyl compounds. 

Only a few of the following derivatives will be mentioned in so far as they 
are of technical importance and are not treated in separate articles. 

The following are separately treatetd: — 

Aniline, Aniline derivates, Benzalchlortde, Benzaldehyde, Benzok’ 
ACID, Benzotkichloride, Benzyix'HLOride, Catechol, Cumene cumidink, 
Dinitrobenzene, Dipiienylamine, Hydroquinone, Nitrobenzaldkuydk, 
Nitrobenzene, Phenolphthalein, Phenylendiamine, Phenol, Rk.sor- 
cinol, Salicylic acid, Sulpuanilic acid, Toluene (with Nitoo- and 
Amidotoluenes), Toluidine, Tolidine, Xylene and Xylidines; for 
information with regard to these substances the separate artich^s must 
be consulted. Benzophenone see under Ketones ; Benzylacetate see under 
Perfumes, Artificial. 

1. Amidobenzene sulfhonic acids NHj . CgH^ . SO^H. The ortho-acid 
is obtained by the reduction of o-nitrobenzenosulphonic acid, and forms 
rhombohedral crystals. The meta acid is also obtained by the reduction of 
m-nitrobenzenesulphonic acid and forms crystals which dissolve in 68 pts 
HjO at 50®. The m-amidobenzcncsulphonic acid is also termed metanilic acid. 
Technically the most important is the p-amidobonzencsulphonic acid, which 
has the name siilphanilic acid. It is treated of in a special article. 
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2. Benzenesulphonic acid . SO3H. Obtained by boiling benzene 

with fuming sulphuric acid for a long time, using a reflux condenser. Forms 
very deliquescent fine needles. 

3. Benzoyl peroxide (CgH^ . CO . 0)o. It is obtained by treating Na202 
with the equivalent amount of benzoylcnloride. It forma prisms sparingly 
soluble in water M. P. 103.5® and is said to be used medicinally as an antiseptic, 
in the form of a powder, as an ointment or as a 10 % solution. 

4. Benzyl alcohol CgHr, . CH2 . OH. May be obtained by treating 
benzaldehyde with sodium amalgam or alcoholic potash; is however usually 
prepared from Peru balsam, in which it occurs to a small extent in the free 
state but mainl3^ combined with benzoic acid (and cinnamic acid). It is 
prepared by heating Peru balsam with four times its amount of KOH until 
a clear solution is obtained, from which the solid part is removed on cooling, 
while the remaining liquid is distilled with water. Benzyl alcohol passes over 
and is separated from the distillate by extraction with ether. Recently it has been 
obtained from toluene. According to the French Pat. 348951 it may be obtained 
h}' the electrolytic reduction of benzoic acid ester using pure lead cathodes. 

Benzyl alcohol forms an aromatic smelling liquid of S. G, 1.0507 (at 15®), 
B. P. 206.5®. 

Benzene-Benzoyl- and Benzyl-compounds apparatus: 

Friedrich Hockmivnn, Derliu SO. 10, Driickenstr. Ob (see advts.). 

Benzidine (p. Diamidodipiienyl) NHo . C6H4 . C6H4 . NHj. Obtained by 
the reduction of p. nitrodiphcnyl with zinc dust in alkaline solution ; also by 
the electrolysis of nitrobenzene. It is also obtained by electrolysing azoxy* 
benzene in hydrochloric acid solution with the addition of SnCU, or by using a 
zinc cathode (Germ. Pat. 116467 and 122046). 

Pure benzidine forms colourless plates M. P. 122®. Very sparingly soluble 
in cold HjO, readily soluble in hot; also readily soluble in alcohol and ether. 
Tt forms salts with acids and is used for the preparation of many dyes. 

Benzine. Different benzines are to be distinguished, coal tar benzine, 
brown -coal benzine, and petroleum benzine. Coal-tar benzine is now generally 
termed benzene (see this), while brown-coal benzine is generally known 
under the name Solar oil (see this) ; by benzine (ligroine) is always understood 
simply petroleum benzine. For the preparation of benzine, see the 
article Mineral oils. The crude benzine is purified by first distilling it, after 
which follows a chemical purification consisting of washing first with cone. 
H2SO4 and then with NaOH, According to the Germ. Pat. 141298 the un- 
pleasant smell of petroleum benzine is removed by adding about 1 % volatile 
oils which contain turpentine, heating the mixture to 70®, and then thoroughly 
shaking with 2.5% NaOH of 35® B6.; the unpleasant smelling constituents 
are said to be condensed, by means of the alkali, with the turpentine to form 
odourless compounds. Other similar processes have been proposed and patents 
applied for. Thus according to the English Pat. 10004 (1903) oenzine is treated 
at a low temperature ^vith solutions of permanganates, persulphates or chromic 
acid. 

Pure benzine is known as petroleum ether. 

Recently experiments have been made with a view of preparing solid 
benzine in a manner similar to that in which spirits are converted into a 
solid form (comp, "solid spmiTvS'*). Thus for example, according to Amer. 
Pat. 641962, in order to solidify petroleum hydrocarbons, about 91 pts (by wt.) 
of the latter are mixed with 7 pts. Kemseife and 2 pts stearine, the mixture 
heated until soap and stearine are melted and thoroughly mixed, then allowed 
to cool and solidify. According to the Germ. Pat. 151594, the solidification 
is brought about by mixing with 4 — 10 % melted soda soap which contains 
water glass. 

Bluohor. 7 
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Bbnzinoform. 


According to the Germ. Pat. 176366 benzine is emulsified with slaked lime, 
and the emulsion solidified either by drying or by the addition of formaldehyde. 
The value of this method is questionable. 

Benzine is a mixture of hydrocarbons, S. G. 0.640 — 0.70, B. P. between 
60° and 120°. It is used for extracting, for removing grease &c., in laundry 
work, as well as for illuminating purposes, for driving motors &c. 

Benzine-apparatus : 

Friedrich Heckmann, Berlin 80. lb, Briickenatr. 01) (see advta. ). 

Bone grease Benzine Plant: 

Ernest Scott & Co., 2 Talbot Court, Loudon E.C. 

Benzinoform. See article on Carbon tetrachloride. 

Tetra Isol (Water soluble Tetrachloride of carbon): 

Louis Blumer, Zwickau Sa., Germany. 

Benzine soap. In addition to other processes that of the Hung. Pat. 3188,) 
(1904) seems to be of importance. The main features of the process are a) that 
60pts of palm nut oil are heated to such a temperature that the 8 pts of 
adaed resin are melted; b) that 30 pts NaOH 38° Be. and 2 pts commercial 
benzine are mixed and stirred with the above mixture until the right con 
sistency is obtained. 

Benzine soap is used for cleaning and washing clothes, Ac. 

Benzine soap, solid, for chemical washing: 

Louis Blumer, Zwickau S;i., Germany. 

Benzoic acid CgH-.COOH. Formerly obtained from gum benzoin by 
sublimation or in the wet way by boiling with lime, and for medicinal purposes 
this method of preparation from tlic gum is still in vogue. 

Another .starting point for the manufacture, was and to a certain extent 
still is, the hippuric acid present in the urine of herbivorous animals. This 
after standing a few days, decomposes with formation of glycocoll and benzole 
acid. By treating with milk of lime, ealciuni benzoate is formed and this i> 
then decompose<l by evaporating with HCl. 

The largest amount of benzoic acid is however obtained by chlorinating 
toluene. The chlorine is introduced into the side group, thus forming benzal 
chloride, or more recently, benzotrichloride. From the latter the benzoi< 
acid was at first obtained by treating with milk of lime under pressure, 
2 C.Hs . CCI3 + 4 ('.a(()H)2 = (CeH^ . CO^ljCa + 3 CaClo f 4 H^O. The benzo 
trichloride is however now converted into benzoic acid by oxidation witli 
HNOg, this reaction being performed in boilers provided with stirring appa 
ratus. IKJl is liberated in this process, and the benzoic acid is purifiea by 
recrystallization or by distillation in var^uo. In the same way it is obtained 
from phthalic acid and from phthalimide. The by-products in the manufacture 
of benzaldehyde are also used for the preparation of benzoic acid. 

The Germ. Pat. 109122 starts from a certain fraction of coal tar which 
smellfl of benzonitrilo .ON, and saponifies this to benzoic acid. 

Ullmann and Uzbachian’s nroce.ss in which toluene is directly oxidized 
with KMn04, has become very important. The yield of benzoic acid amounts 
to 90 % and the acid thus obtained is free from chlorine which makes it 
valuable for medicinal purposes. 

Recently a further prrxjess (protected by numerous Germ. Pat. 136410, 
138790, 139956 and 140999) has been discovered which aims at the simul 
tancous preparation of benzoic acid and phthalic acid. It was found that 
naphthols and other substitution prmlucts of naphthalene (nitronaphthalcnc, 
naphthylaraine, naphthalenesulphonic acids &c.) could be converted into a 
mixture of phthalic acid and benzoic acid by heating with fused alkalies or 
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alkali lyes and such oxidizing agents as FcaCg, CuO, ^ 0 ^ &c. The phthalic 
acid can be separated from the benzoic acid by distillation. 

Finally we may mention that a method has been discovered for separating 
benzonitrile CgHg . CN from the middle oils of the coal-tar distillation. The 
benzonitrile is then converted by saponification into a very pure benzoic acid. 

Colourless thin plates, readily soluble in ether and alcohol, sparingly soluble 
in cold but more readily in hot HgO. M. P. 1200, B. P. 250 ^. Sublimes between 
IQO — 120‘’. Its salts (benzoates) are almost soluble in HgO . Benzoic acid 
is used medicinally, for the preparation of blue dyes in calicoprinting, &c. 
Benzoic anhydride (CgHj . COlgO is obtained according to the Germ. Pat. 
146690 by heating 180 pts of the sodium salt of chlorosulphonic acid with 
300 pts. of sodium benzoate according to the equation 

ClSOgNa + 2 CeHs . COgNa - (CgHg . C0)20 + Na^SO^ + NaQ. 

Benzoic anhydride may be also prepared by the action of sulphurylchloride 
or mixtures of Cl and Sl).^ on benzoates. The Germ. Pat. 161882 aims at per- 
h'cting this well-known j)roces3. 

Ethyl benzoate as well as methyl benzoate (Niobe oil) are colourless 
pleasant smelling liquids which are used as fruit essences and in perfumery. 

The amidobenzoic acids as well as the nitrobenzoic acids find technical use 
((H)mp. art. on Anthranilic acid). With regard to amidobenzoicethyl ester 
sec article on Anaestuesin. 

Benzoin gum. A pleasant smelling gum obtained from the Styrax Benzoin 
a native of Further India and Sumatra. All kinds (Sumatra benzoin, Siam 
benzoin, and Penang benzoin) consist of a brown matrix in which occur paler 
rounded nodules, the socallcd “almonds’'. The greater the number of the 
almonds, the greater is the value of the sample. The most valuable kind 
is Siam benzoin which smells strongly of vanilla. Besides resins, volatile oils 
and esters, gum benzoin contains 12 — 24 % of benzoic acid. In Sumatra 
benzoin however the benzoic acid is almost entirely replaced by cinnamic acid. 

Gum benzoin is used in medicine (externally), in perfumery, and for the 
manufacture of benzoic acid. 

Benzonaphthol = Benzoyl-/^ napiithoi. . 0 . CO . CgHg. 

It is obtained pun^ by the action of benzoyl chloride on sodiumnaphthol, 
and rccrystallizing the product of the reaction from boiling alcohol. White, 
crystalline, odourlcs.s and tasteless powder, almost insoluble in H2O, sparingly 
soluble in ether and alcohol, more readily in cliloroform and hot alcohol. 
M. P. 107®. It is prescribed internally for abdominal diseases (diarrhoea- 
typhoid). 

Benzophenono sec Ketones. 

Benzosalin (Methylbenzoyl salicylate) CgH4(COO.CH3) (0 . CO . CgHg). 
A white crystalline powder having a faint aromatic smell and taste, almost 
insoluble in water, soluble with difficulty in alcohol, easily in ether and 
cliloroform. M. P. 84 — 85®. Passes through the stomach in an unaltered 
form and is decomposed only in the intestine. It is prescribed in doses of 2.0 
to 5.0 grammes daily for gout, rheumatism, neuralgia, &c. 

O.CH 3 

Benzosol Benzoylguaiacol Obtained by the 

^0 . CO . CeH^. 

action of benzoylchloride on sodium guaiacol. 

It combines therapeutically the action of guaiacol and benzoic acid and is 
specially prescribed in intestinal tuberculosis and in Diabetes mellitus. 
It forms white tasteless odourless crystals scarcely soluble in water and ether, 
readily in hot alcohol. M. P. 60 — 61®. 


7 * 
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Benzotrichloride. 


Benzotrichloride CgHg . CCI 3 . Obtained by the action of chlorine on boiling 
toluene, while at the same time benzylchloride, benzalchloride and other 
chlorine substitution products are formed. The crude product is rectified 
in vactLO. 

Pure benzotrichloride forms a colourless liquid, S. G. 1.38 (at 14®). B. P. 
213® — 214®. On being heated with HgO to 140® it decomposes readily into 
HCl and benzoic acid. It is used in the manufacture of tar dyes (sometimes 
of benzoic acid). 

Benzoyl chloride (Benzoic acid chloride) CgHg . COCl. It is obtained 
commercially by the distillation of benzoic acid with PCI 5 . According to the 
Germ. Pat. 146690 it is obtained by'the action of 2 mol. sodium chlorsulphonate 
on 1 mol. sodium benzoate. It forms a colourless, oily liquid of pungent smell 
S. G. 1.2324 (at 0®); B. P. 198.3®. It is decomposed by water with formation 
of HCl and benzoic acid. It is used in the manufacture of bcnzaldehyde and 
tar dyes. 

Nitrobenzoylchloride finds some technical u.se. 

Benzyl acetate CH 3 . COO . CHo . CgH^. Obtained by the action of sodium 
acetete on benzyl alcohol in presence of cone. HoSO^. Liquid, S. G. 1.069 
B.P. 215— 216®. 

Benzyl alcohol see under Benzene. Benzoyl, and Benzyl compounds. 

Benzyl chloride C^Hr, . CH^Cl. Obtained by the action of chlorine on 
boiling toluene; only so much chlorine as is required by the following equation 
is used, otherwise benzalchloride and benzotrichloride are formed 
CgHg . CH 3 } CI 2 - CgHg . ClloCl I HCl. 

Commercially the toluene is placed in an acid proof earthenware vessel 
and heated to boiling point by means of a steam spiral (of lead), while the 
exact amount of chlorine required is pa.ssed over its surface. The resulting 
benzylchloride is washed with a little water and rectified from enamelled 
distilling flasks. 

Wohl’s process (Germ. Pat. 139552) is perhaps destined to become im- 
portant. According to this benzylchloride is obtained by allowing sulphuryl 
chloride to act in the dark, on an excess of toluene. The mixture is heated 
but its temp, kept below 1.30®; a reflux condenser condenses the escaping 
vapour. This method gives excellent results. 

Benzylchloride forms in the pure state a colourle.ss liquid of pungent smell 
S. G. 1.107 (at 140®) B. P. 176®. It is used for the preparation of different 
dyes; o- and p*nitrobenzylchloride also find employment in the manufacture 
of dves. The former is obtained from o-nitrotoluene and chlorine at 150®— 200®, 
while the p-compound is prepared by dissolving benzylchloride in fuming 
HNO3 at a very low temperature. 

Bergamot oil. An essential oil obtained from the fruit of Citrus Bergamia 
Rxsso. It is a mobile, greenish-yellow oil with a fine smell and a bitter 
aromatic taste. S. G. (at 15®) 0.882—0.886. B. P. 165®— 190® Iodine 

number 248 — 284; pota.sh absorption. 8.78 — 11.43%; [a]D -- 4-8® 20®. 

Soluble in KOH (distinction from lemon-peel and orange-peel oils. It contains 
the terpene limonenc , the aliphatic alcohol linalool, and linalyl acetate (38 %)• 

Berlin blue see Iron colours. 

Beryllium and beryllium compounds. 

Beryllium Be. At. Wt. = 0.06. One of the light metals belonging to the 
magnesium group; resembles aluminium in many respects. It is usually 
obtained by the action of Na on potassium beryllium fluoride. It forms a 
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'white hexagonal crystalline metal, which has a melting point near that of 
silver! S. G. 1.64. It is readily dissolved by lyes and dilute acids. 

Beryllium oxide (Glucina) BeO. Obtained by fusing beryl — a double 
silicate of beryllium and aluminium. White amorphous infusible p^^r. 
Of the salts, the following may be mentioned, beryllium chloride BeC^, 
beryllium carbonate BeCO^, beryllium nitrate Be(N 03)2 and beryllium sulphate 
BeSO^. These are all soluble in H 2 O. 

According to the Germ. Pat. 155466, beryllium compounds may be prepared 
by treating the minerals with acetic acid. Of the acetates thus obtained, oidy 
one — that of Be — is converted, on treating again with glacial acetic acid, 
into a form which is soluble in CHCI3. Thus the Be may be separated from 
the other constituents by extraction with chloroform. 

Beta-Eiicaine see Eucaine. 

Beta sulpbopyrin. A compound of sulphanilic acid with antipyrine (not 
identical with Sulphopyrtn). It is an acid tasting powder soluble in hot 
water, prescribed in cases of influenza, colds and especially for iodine poisoning. 

Betol = Salicylic acid -^ Naphthyl ester. C7H5O3 . CjoH,. Obtained 
by the action of POCI3 on a mixture of sodium-y^-naphthol and sodium sali- 
cylate. 

It forms a white, odourless, tasteless, crystalline powder, insoluble in H 2 G, 
sparingly soluble in cold alcohol, readily soluble in boiling alcohol, ether and 
benzene. 

It is taken internally as an antiseptic for catarrh of the bladder, rheumatism, &c . 

Bichromatos'see Chromium compounds, also the respect, metallic compounds. 

Binitrobenzciio see Dinitrobenzene. 

Binitrotolueuo see Dinitrotoluene. 

Bioterrin. A liquid haemoglobin preparation, obtained from the cold fresh 
blood of oxen after removing the fibrin by treating with ether and separating 
the constituents which arc soluble in the ether. The serum, which contains 
the haemoglobin, is freed from the last traces of ether by passing in a stream 
of sterili.sed air, and then 20% glycerine and 4% aromatic tincture are added. 

Blood red, pleasant tasting liquid of S. G. 1.081 (at 15®). It is specially 
prescribed for chlorosis, and for patients in a weak state of health; infants 
are given 5 — 10 gnu, children 10 — 20 grm, adults 20 — 40 grm, either Just 
before or during meals. 

Bioson. A nutritious preparation containing iron, albuminoids and lecithin 
is brought into commerce under this name. According to the formula the 
composition is as follows, albuminoids 80, iron 0.24, lecithin 1.27, cocoa 15, 
salts 3 %. The analytical results obtained by Sormann differ somewhat 
from this, but not to any great extent. 

Fine greyish-brown powder with a distinct smell of cocoa and a not un- 
pleasant somewhat salty taste. It is almost entirely soluble in HgO especially 
on being heated. 

Bismon. Colloidal bismuth oxide; it is a remarkable form of bismuth- 
metahydroxido, and is formed by the action of sodium lysalbinate and protalbi- 
nate (see art. Protalbinio acid) on bismuth compounds. 

Bismon is soluble in cold and in hot HjO. It is a good mild intestinal 
astringent, and is prescribed for different diseases of the intestines. Usually 
5 cem of a 10 ,% solution (0.5 grm Bismon per dose) are given 3 — 4 times daily, 
either alone or in liquid foods. 

Bismuth. Bi At. Wt. 208.9. Bismuth occurs usually in the pure state; 
however bismuth glance Bi 2 S 3 , and bismuth ochre Bi^Oj, are of importance 
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Bismuth alloys. 


in the metallurgy of this metal, which belongs to the P, As, Sb group of 
elements. 

The ores are usually first roasted and then smelted with coal, iron and slag. 
The charcoal acts as a reducing agent, the iron combines with the S present 
while the slag absorbs the SiOa. Thus directly underneath the slag, and 
solidifying with the latter, a layer is obtained which contains Pb, Ag, Ni, Co, 
and Fe wuth S and As, whUo the heavy layer of Bi remains liquid for a longer 
time at the bottom and can be run off. The crude bismuth undergoes a prelimi- 
nary purification by carefully melting it on an inclined iron plate, whereby 
it flows away from the metallic impurities. It is further refined either by 
oxidizing the impurities by melting with KNO3 or with NasCOg and KCIO*, 
or by dissolving the metal in HNO 3 , precipitating the BiO^NOg) with HjO, 
and then reducing the latter with C. 

By extracting Pb and Ag ores which contain Bi, a lead is obtained which 
contains a large amount of Bi, from which bismuth chloride can be dissolved 
by digestion with HCl ; by means of HgO the basic bismuth chloride is pre- 
cipitated. This requires to be repeatedly dissolved and precipitated in order 
to obtain a pure compound. Finally after being washed it is dried and melted 
with charcoal, soda and glass in iron crucibles. 

Very glistening, reddish white, brittle metal which cracks on bending 
and crystallizes in almost cubical rhombohedra. S. G. 9.8. Hardness 2.6 
M. P. 268®. B. P. about 1600®. Moist air tarnishes its surface. It is a poor 
conductor of heat. The chloride and nitrate of Bi are decomposed by HjO 
with the precipitation of basic salts. 

Bismuth is practically only used in the forru of alloys and compounds 

Bismuth : 

Johnson, Mathey A Co. Lt<l., Hatton (iarden, London (aeo ndvt.). 

Bismuth alloys. The alloys of Bi are characterised by a very low melting 
point, and are used for cliches, wood cuts, and stereotype plates, further 
for soldering easily fusible alloys, for making metal baths for the hardening, 
of steel. Finally, safety plug.s for boilers ar«‘ made of readily fusible Bi-alloys. 

Known bismuth alloys are 

Wood’s metal:— 15 Bi, 8 Pb, 4 Sn, 3 01. (M. P. 68®.) 

Rose's metal:— 8 Bi, 8 Pb, 3 8n. (M. P. 79®.) 

Lipowitz's alloy: — 15 Bi, 8 Pb, 8 Sn, 3Cd, (M. P. 70®); the alloy 
becomes soft l>elow 60®, and is specially suitable for the preparation 
of fine casts of objects which cannot stand a high temperature. 

Newton’s metal:— 8 Bi, 5 Pb, 3 Sn. (M. P. 94.5®.) 


The following alloys may be used for safety plugs for boilers. 
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Bismuth colours. Only, basic bismuth nitrate BiOlNOa) is used as a paint, 
not however as a painter’s colour, but as a cosmetic, and has the names bismuth 
white, paint white, ^arl white, and Spanish white. It is prepared by dissolving 
Bi in excess of fuming HNO3 and pouring the solution into water, when the 
bade nitrate is precipitated. It is a heavy white powder, which turns 
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fellow in the air and is very sensitive to the action of H. 2 S. On this account 
and also because of the high price it is becoming more and more replaced 
% zinc white. (See under Zinc colours.) 

I Bismuth compounds. The most important are bismuth chloride, bismuth 
nitrate, and bismuth oxide. 

1. Bismuth cht.oride (Bismuth trichloride) BiClg. Obtained by heating 
Bi in a current of chlorine, or by dissolving Bi in aqua regia or BigOg in HCl. 
Crystalline mass M. P. 227®; B. P. 447®. It concentrated solutions are diluted 
with much water, a beautiful white precipitate of bismuth oxychloride BiOCl 
(soluble in acids) is obtained. The latter compound is used for the same 
purposes as the bismuth subnitrate. (See under Bismuth paints.) 

2. Bismuth nitrate, basic (Bismuth subnitrate) Bi 0 (N 03 ). Preparation 
see under Bismuth colours. It is principally used in medicine and for porcelain 
lustre paints as well as a cosmetic. 

3. Bismuth oxide (Bismuth trioxide) BigOg or Bi^Og. It occurs naturally 
as bismuth ochre, is artificially prepared by heating the nitrate, carbonate 
or hydroxide as well as by heating the metal for a long time in the air. Yellow 
powder, insoluble in HgO (S. G. 8.2), melts at a red heat to a brown liquid 
and solidifies to a yellow crystalline mass. It is used in glass manufacture. 
If the PbO in flint glass be replaced by BigOg, a very highly refracting glass 
is obtained, 

4. Bismuth hydroxide BiO . OH. Is formed as a white precipitate on 
adding the nitrate to potassium hydroxide, and can be dried at 100®. 

Rismuthose. Bismuth iron compound which contains 21.5 — 22% Bi. 
It is a very fine, odourless and tasteless powder, which swells up in HgO. 
It is a well known intestinal astringent, and is prescribed for various intestinal 
sicknesses. 

Bisulphate (Sodium bisulphate). For preparation and properties see 
No. 35 b under Sodium compounds. 

Bisulphite of Lime: 

E. B. tSpcncer Ld., Drunjinonci Works, Dnimmond Road, London S.E. 

Bixino (Orlean red) see Vegetable dyes. 

Blacking. Mixtures of very different composition, mostly bone black, wood 
oil, hog’s fat, syrup, and sulphuric acid; or also without sulphuric acid but 
with turpentine shellac &c. Coloured polishes contain various other dyes 
instead of bone black. 

Blacking : 

Wornor Pfleid(3rer A Perkins Ld., PoU‘rl)oroiigl». 

Blanc. 

B. de baleino — spermaceti. 

B. de fard ] u u t. 

B. d’Espagne ) bismuth subnitrate. 

B. de neige == zinc oxide. 

B. fixe = baryta white. 

Blasting gelatine see Dynamite. 

Blasting oil see Nitroglycerin k. 

Bleaching. 
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Bleaching. 


A. CHEMICALS for BLEACHING. 

1. Bleaching towder (see this). The solid bleaching powder is mixed 
with water but the residue of Ca( 0 H )2 always retains some of the bleaching 
agent. On this account the liquid “chloride of calcium" is often prepared 
on the spot by passing Cl into thin milk of lime. 

The efficiency of “chloride of lime" for bleaching is increased by the addition 
of acetic acid. Only a small amount is necessary as it is always being regenerated 
from the Ca salt formed. 

2. Sodium HYPOCiiLORn'E (Eau de labarraque) NaOCl. Obtained by 
passing Cl into a solution of soda, or by the interaction of soda and bleaching 
powder. Of late years it has been manufactured by the electrolysis of NaCl 
solution (compare Chlorine alkali process, electrolytic). According to the 
Germ. Pat. 145745 bleaching powder and cryst. sodium sulphate in the dry state, 
are pressed together; double decomposition takes place, and sodium hypo- 
chlorite and hydrated calcium sulphate are formed, which keeps the mass in a 
solid state. 

Eau de javelle. It is really a solution of potassium hypochlorite, obtained 
in the same way as XaClO. However, the solution of NaClO is usually termed 
Eau de javelle. 

4. Magnesia bleaching liquid MglOCl),. Is obtained by the action of 
bleaching powder on MgSO^. It is more readily decomposable than bleaching 
pow'der, and so bleaches more quickly. 

5. Alumina BLE.ACinNo liquid and 

6. Zinc bleaching liquids are also hypochlorites prepared and used in 
a manner similar to the above. 

7. Hydrogen peroxide (see this). 

8. Sodium peroxide sec No. 27 c under Sodiu.m compounds. 

9. Ozone (see this). Recently this has been very largely used for bleaching. 
With Siemens and Halske’s apparatus, 20 grrn ozone are produced per 
horse-power hour. With tliis amount 50 kg linen yam can be bleached to the 
same extent a.s with 3 -days' bleaching on grass in good weather. 40 kg of 
potato starch may be bhiached perfectly wliite with this amount of ozone, 

The ozone bleacliing is not cheaper than bleaching on grass but the amount 
of time saved is considerable (under unfavourable conditions 14 days bleaching 
on grass correspond to 1 day of ozone bleaching). 

10. Electrolytic bleaching. By the electrolytic decomposition of alkali 
chloride.s, large amounts of Cl arc formed which, under suitable conditions, 
can react with the alkali hydroxide simultaneously obtained to form hypo- 
chlorites. Kellner’s process seems to be very advantageous. In this a NaCl 
solution is allowed to flow through a special apparatus. This apparatus 
coiLsists of a box of hard rubber in whicli a large number of electrodes “in 
series" are placed. The electrodes consist of hard rubber plates which arc 
studded with platinum points like a brush. When the NaCl solution flows 
through, .sodium hypochlorite is formed, the rate of circulation being so 
regulated that th(^ percentage of active Cl in the solution increases 0.05 % 
every time the .solution pa.sscs through. The solution is allowed to accumulates 
until it contains about 1 % of aiitive Cl, and is then u.sixl for bleaching in the 
textile industry, and in paper and cellulo.se manufacture. 

The Kellner apparatus de.signcd by Sirmen.s and Hai^kk has been 
recently modified and greatly improved. It is now constructed in different 
sizes and consists of the real electrolytic apparatus and the circulating arrange- 
ment. The electrolytic apparatus is a cell lined with glass and earthenware, 
provided with exit and entrance pipes, into which the electrodes are inserted. 
The electrodes are now made of platinum-iridium wires, so that they cannot 
be destroyed by chemical agents. The circulating arrangement consists of a 
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noUecting vessel with a cooling spiral for the salt solution whwh is 'to be 
C^sed. The solution is continuaUy parsed into the electrolytic apparatus 
by means of a centrifugal pump of lead and by means of suitable pipe ' 

tions- the circulation is completed by the overflow into the collecting vesso . 
The cooling spiral is connected with a water supply and thus the salt solution 
is kept at a temp, of 20^—250 during the passage through the collecting vessel. 
In this way the formation of NaClOg, which is useless for bleaching purposes 

The^'amount of active chlorine formed increases with the strength of the 
current the concentration of the salt solution, and the duration of the electro- 
lysis. By means of special improvements it is possible to produce solutions 
containing 5 % active chlorine although this formerly appeared to be quite 
impossible. The production of chlorine according to this process is very cheap. 

Further the process of Kron seems to work very well. By the electrolysis 
of a NaCl solution a bleaching liquid called “power-chlorine/’ by the discoverer 
is prepared. The electrodes of the apparatus consists of an alloy of platinum 
iridium and are on this account very durable. 

Summarising, we may say that the most important apparatus for electro- 
lytic bleaching are those of Kellner, Haas-Oettel, Schuckert, and 
SCHOOP. The apparatus of Kellner and Senoop has platinum electrodes, 
that of Haas and Oettbl carbon electrodes, that of Schuckert carbon for 
the negative, platinum for the positive electrode. 

B. METHODS of BLEACHING in the TEXTILE INDUSTRY. 

I. COTTON BLEACHING. 

a) Singeing. Removal of the fibres on the fabric which arc injurious in 
printing. This is carried out with advantage by means of the gas-smgemg 

machine. . , . r • • i 

b) Washing the clotli, after it has been twisted mto rope form, in special 

washing machines. . . . 

c) Soaking with lime. Saponification of the fatty and resinous impurities 
in the fabric by means of lime water. The cloths are brought into a special 
machine (lime-, chlorine-, and acid machine), drawm through thick milk of 
lime, and then boiled in the high pressure boiler. 

d) Acidification. By treating with hydrochloric acid the lime soaps are 
decomposed, gums and fatty acids are precipitated, while CaCla goes mto 

solution. . , -xi ri 4. 

e) Soaking with Ives or resin soaps. By boiling the cloths wim dilute 
NaOH or resin soaps^ the fatty substances still present are removed. 

f) Chlorination sec above. • « *i 

g) Acidification. The addition of HCl decomposes the remains of the 
bleaching powder, and removes the last traces of he and Ca. 

h) TTiEATMENTiwith antichlors (sec this) and then careful washmg. 

II. LINEN BLEACHING. The linen goods are first cither boiled or soaked 
with soda, then chlorinated, acidulaU^d, boiled, then again chlorinated, 
acidulated and this process repeated several times. The fibres are afterwards 
exposed to air bleaching (or to ozone). 

HI. HEMP BLEACHING. Is only seldom practised, and then similarly 
to linen bleaching. 

IV. JUTE BLEACHING. First soaking in weak water glass solution, 
treatment with Eau db javellk, and acids, then washing and drying, ine 
treatment with KMn04 and then with aqueous SO2 is less destructive. 

V. WOOL BLEACHING. 

a) Washing. Repeated treatment with lukewarm water. 
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b) Removal of grease. Is carried out in special wool washing machines, 
with the addition of soda, soap, urine, &c. 

c) Bleaching. Is only carried out when the wool is not to be dyed or only 
to be dyed in light shades. As “chloride of lime" does not bleach wool but 
merely turns it yellow, and alkalies destroy the fibres, either sulphurous acid 
or better hydrogen peroxide (or at times KMnOi) must be used. 

VI. SILK BLEACHING. 

a) Elimination of the bast. Removal of the gum by washing the strands 
in neutral soap solution. 

b) After the silk glue has been removed, the strands are washed in dilute 
soda solution, boiled in soap solution, again washed in soda, and then bleached 
with gaseous sulphurous acid or hydrogen peroxide. 

Bleaching powder is obtained by the action of chlorine on slaked lime. 
The lime must be as pure as possible, very carefully burnt and only slaked 
enough to give a dry powder. The Ca(()H).> is placed in chambers of wood, 
sandstone or of slates; of late also in larger chambers of lead. The measure- 
ments of the leaden chambers are 30 m. in length, 10 m in breadth and 2 m 
in height. In the chambers the Ca(OH )2 is placed on trays in the thinnest 
possible layers one over the other. The chlorine i.s then conducted in through 
the roof. Some new arrangements have lately been invented for continuous 
working. The Cl can be obtained in different ways, among others by the 
electrolytic process. Compare Chlorine. Several patents have also been 
taken out for direct electro-chemical methods of obtaining bleaching powder. 

It is not yet quite clear what is the true constitution of chloride of lime. 
At any rate it is not pure calcium hypocliloride Ca(OCl) 2 . The formula 
CaO . CaCl . OCl is the best and most probable one yet suggc.sted. Chloride 
of lime is used in bleaching works, compare Bleaching, it is also employed 
as a disinfecting agent as well as for oxidation, further for obtaining chlom- 
form, for purifying methylated spirit and so on. The value of the chloride 
of lime is determined either by weight (percentage of Cl) or by Gay Lussac 
degrees, which register how many litres of Cl are obtained from 1 kg of tlu^ 
bleaching powder. 

According to Germ. Pat. 145745 a mi.xture of chloride of lime and crystal- 
lized Na 2 SC 4 is pre.ssed together in a dry condition; by double decomposition 
-sodium hypochlorite and hydrated CaSO, are formed. The material is em- 
ployed for bleaching. 

Test. The technical analysis comprises exclusively the determination 
the quantity of available chlorine, that is, of the quantity of the compound 
CaOClj. The determination of contents is best carried out by titration with 
an N. alkaline solution of sodium araenite according to the method of 
Penot-Lunoe. 7.1g of the well mixed sample of chloride of lime is weighed 
off and mixed in a porcelain mortar with a little HgO to a .smooth fine paste; 
it is then diluted with more poured into a litre flask and oiluted 

up to the mark and the required amount measured out with a pipette after 
vigorous shaking of the flask 50 co = 0.355 g chloride of lime. The arsenib^ 
solution is run in with constant shaking until the desired degree is approached. 
After this a drop of the mixture i« put on a filter paper, previously moistened 
with a little KI. starch solution. The filtration is continued until only a very 
slight, or until no blue spot appears on the teat paper. The arsenite solution 
is prepared by weighing out 4.95f) g of pure arsenious oxide, boiling with 
10 g NaHCO^ and 200 cc HjO until completely dissolved. 10 g NaHCOg arc 
then added and the solution after cooling is diluted to 1 litre. 1 cc = 1 % 
available chlorine. 

Blood cbarcoaL Obtained by evaporating blood with 16 — 20 % potash, 
carbonising, boiling with HCl (to remove K^CO^), washing with HjO, and 
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Iheating in absence of air. It is largely used on account of its extraordinary 
^capacity for decolorizing substances. A similar preparation is made from 
^plants and is termed vegetable blood charcoal. 

! Blood meal see Manures, artificial. 

Blood stone. Special variety of red iron ore FcgOg, reddish brown, of fibrous 
structure and silky appearance. Is used for polishing either as powder or in 
pieces, and also finds employment as a red paint. 

Blue wood see Vegetable dyes. 

Blue gas see Oilgas. 

Blue see “Washing blue”. 

Bobbinite see Safety explosives. 


Boiling points. 


Acotanilido 

Acotic acid (glacial) 

Acetic anhydride 

Acetone 

Air 

Alcohol (othyl alcohol) . . . 
Aldehyde (Acetaldehyde) . 

Ammonia 

Arnylalcohol 

Aniline 

Anthracene 

Anthraquinono 

Benzaldehyde 

Benzene 

Benzoic acid 

Benzophenono 

Bromine 

Cadmium 

Camphor 

Carbon dioxide 

Carbon disulphide 

Carbon monoxide 

Carbon tetrachloride . . . . 

Chlorine 

(Chloroform 

Chrysene 

Cyanogen gas 

Biphenylamine 

Ether 

Formaldehyde 

Formic acid 

Boilers. 


B. P. “C 


B. P. »C 

i* 295 

(jllycerino 

+ 290 

-i 119 

Hydrocyanic acid 

4- 26.5 

+ 138 

Hydrofluoric acid 

+ 19.4 

f 56,3 

Hydrogen 

— 243 

— 191 

Iodine 

4- 180 

-f- 78.4 

Lead 

4- 1510 

d- 20.8 

Linseed oil 

— 316 

- 34 

.Mercury 

+ 357.25 

+ 129-131 

Methyl alcohol 

4" 6b — 67 

+ 184.1 

Methyl salicylate 

+ 223 

+ 351 

Naphthalene 

4- 217.9 

+ 373 

« Naphthol 

4- 278—280 

+ 179.1 

/S Naphthol 

+ 28^286 

+ 80.6 

Nitrogen 

— 194.4 

i- 249.2 

Oxygen 

' - 182.7 

30.5.8 

Paraffin 

t 4- 300 

+ 59 

Phenol 

! ^ 180 

f 860 

Phosphorus 

1 + 290 

4* 205 

Potassium 

1 4- 720 

+ 79 

Sodium 

‘ 4- 742 

f 46 

Stannous chloride 

i 4- 606 

~ 190 

Sulphide of phosphorus . . 

t 4- 518 

-f- 77 

Sulphur 

i 4- 448.4 

- 33.5 

Sulplumous acid 

Toluene 

1 _ 8 

+ 61 

4- 111 

1- 448 

Tripheuylmothano 

4- 356.2 

-- 21 

Turpentine oil 

+ 167 

4- 310 

Water dist 

4- 100 

+ 35 

Zinc 

+ 730 

— 21 
■f 99 

Zinc chloride 

4- 730 


CopperboUers : 

Friedrich Heokmann, Berlin SO. 16, Bruckonstr. 6b (see advta.). 


Boilers of various metals: 

Volkmar Haenig & Comp., Heideuau-Drosden, Germany (see front part advt.). 
Heyniann, Qaismann & Co., Bradford. 


Earthenware-boilers: 

Westdeutsohe Hteinzeug* Chamotte* und Dmua-Werko O. m, b. H., Euakirchen, Rheinland 
Germany (see front part adv.). 
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Boiling apparatus: 

Friedrich Heckmann, Borliu SO. 16, Briickenatr. 6b (see advts.). 

Boiling apparatus of metal: 

Volkraar Haenig & Corap., Hoidonau-Dresdon, Germany (see front part advt.). 

Bone ash (Bone earth). Obtained by heating bones in the air. The largest 
amount is obtained in South America. In the manufacture of extract of 
meat the bones of the slaughtered animals are used as firing material; the 
bones are left behind in the form of bone ash. When ground it forms a white 
pow der which contains 67 — 85 % basic calcium phosphate, 2 — 3 % magnesium 
phosphate, 3 — 10 calcium carbonate, a little caustic lime, and on a average 
4 % calcium fluoride. 

Bone a.sh is used for the preparation of phosphonis and pliosphoric acid, 
enamels (glazes), and milk glass, for making muffles and cupels; it is also 
used as cleaning and polishing material. Further it is used as a manure, and 
also for the manufacture of .superphosphate's. 

Bone black see Trory brack. 

Bone Ash: 

Johnson’s, Croas St.. Fin.-^bury, London. 

Bone charcoal (Ani.mal charcoal). Obtained by the complete carbonisation 
of broken or chopped up bones in the absence of air. The bones must be dense, 
hard and fresh; before carbonisim; the fat must b<5 removed by extraction. 
The carbonisation is carried out either intermittently in well closed iron pots, 
or uninterruptedly in iron cylinders. By the latter process the products of 
the dry distillation may also be obtained. It forms a hard, very porous, dull 
mass, of different sized grains; when of good quality it is dark bhu:k; alkaline 
liquids must not be coloured when boiled with the charcoal. It contains appro .x. 
10% carbon and 90% mineral substances, principally calcium phosphate. 

On account of its property of absorbing dyes and other organic substances 
as well as salts, it is very largely used. Formerly it was indispensable 
in sugar refining (.see this) and is still u.sed for this purpose. Continual use 
reduces its absorptive power and it must be then made effective again by 
removing the absorbed substances. To do this it is washcnl, and the absorbed 
lime rfmiovc'd with HCl, the gypsum by boiling with Na^CO., solution and 
afterwards treating with HCl. 'Ihc organic stuffs arc* removed by a fermenting 
and putrefying proce.ss. after which the bone charcoal is heated. It is more 
atlvantageous to boil the charcoal with NaOH than to ferment it. It is after 
wards washed, steamed, dried, and burned. It must not be too strongly heated 
as othenvise the porosity is diminished. 

Comp, also the article on Ivory black. 

Bone crushers. 

Bone Crushers: 

Max Friedrich A (Jo,, Leif Flag witz 17. 

W, Stamm, 25 Hill, London H.(J., Sf»lo ai^nnt for Friodr, Krnpp A.-fi. (Jrunonwork, 

Ifagdohurg-Buckan, (Jfrrnany. 

Bone fat. It is obtaimjd almost exclusively from the marrow in hollow bones 
by three different methods, namely, cither by boiling with water, or by treating 
with high pressure steam, or by extracting with a suitable solvont-usually 
petroleum, benzine or carbon disulphide. In all three methods the bones 
must be first broken up in a bone breaker. The yield, best in quality but least 
in quantity, is obtained by boiling. The largest yield is obtained by extrac- 
tion, but the product (extraction fat) is the least valued on account of its 
bad odour. One advantage of the extraction method over the other two is 
that the bones suffer no loss of glue. 
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The fat obtained by boiling is slightly brown; it is easier to bleach and 
lender odourless than the more impure dark brown or black coloured fat 
J)repared by extraction. For refining bone fat the same methods are usually 
employed as for refining tallow (see this). From the fatty or oily mass obtained 
by refining a more solid fat and an oil, bone oil (see this) are obtained, either 
by pressing or freezing. 

: Either chromic acid or air may be used for bleaching. In the first ceise 
it must be boiled with salt solution of 14 — 15 degrees before bleaching, and 
in the second case the fat must be placed in layers frequently turned over, 
and after 2 — 3 w'ceks melted with salt water 

Bone meal sec Manures, artificial. 

Bone oil. Liquid part of the bone fat (see this), obtained from the latter 
by pressing or freezing after refining. Bone oil is very stable in the cold, and 
do( 3 s not become rancid. 

Bone polishing drums: 

Max Friedrich & Co., Leipzig-Plagwitz 17. 

Bone phosphate see Superphosphate. 

Bone size see Glue. 

Boracite (Stassfurtite). Is classed among the Abraum salts (see this) and 
is a double salt of magnesium borate and magnesium chloride of the formula 
2 Mg^BgOis + MgCl^. However almost all the Stassfurt minerals which 
contain boron are brought into commerce under the name of boracite after 
they have been roughly purified. 

Boric acid is then manufactured from them. 

Borah It is obtained according to the Germ. Pat. 77315 by heating alumi- 
nium borate and tartaric acid in aijueous solution, until all is dissolved, 
filtering and evaporating tlio filtrate. Colourless, crystalline salt, readily 
soluble in HjO. It is prescribed in cases of skin disease and inflammations of 
the ear on account of its antiseptic qualities. 

Borax (Sodium biborate) Na^B^O, -} 10 HoO. Occurs naturally as a 
mineral (Tincal), which occurs in some of the lakes in Thibet, India, and 
California. The purification is carried out by treating the crude borax with 
milk of lime. After thoroughly mixing, it is dissolved in boiling HgO and 
allowed to settle. After the fatty substances have thus been converted into 
insoluble calcium soaps, the clear solution is drawn off, and freed from the 
last traces of the calcium soaj) with calcium chloride. Finally the clear borax 
solution thus obtained is evaporated and allowed to cool in crystallizing dishes, 
in which the borax separates out in crystals. 

The largest amount of borax is obtained artificially. Two kinds must be 
distinguished, the common (prismatic) borax, and the octahedral borax 
(Jeweller’s borax). The latter contains only 5 mol. H 2 O, and crystallizes out 
of strong solutions (30° B6.) of common borax between 55° and 80°. 

The common prismatic borax is obtained by the action of soda solutions 
on boric acid, in largo quantities from calcium borate (mineral Colemanitb 
from California) by boiling with soda; and partly from boracite. In the latter 
case the boric acid is first prepared (see under Boron compounds) and from 
this the borax is obtained by the action of soda. According to the Russ. Priv. 
5938 (1901) borax is produced by decomposing mineral borates with ammonium 
carbonate (or ammonium sulphite). The ammonium borate formed is converted 
into borax by double decomposition with NaCl or NaNOg. 

The octahedral borax Na 2 B 407 -f 6 HjO is obtained under special conditions 
from the solution of the pnsraatic borax. Strength of solution 30° Bi^. Tem- 
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perature of crystallization 59 — 76®. Common borax forms colourless, glistening 
columnar crystals, which become coated with a crust of the effloresced salt. 

100 pts H2O dissolve 4.6 pts prismatic borax at 10® C. and 120 pts at 90®. 

The octahedral borax forms large, much harder crystals, which are more 
stable in the air, and more sparingly soluble in HgO. 

Borax : 

Borax Consolidatod Ld., Iti Eastcheap, London E.C. 

Borax glass. 

Borax Consolidated Ltd., 18 Eaatcheap, London E.C. 

Boric acid (Boracic acid) H3BO3. Occurs in volcanic districts, chiefly in 
Tuscany, partly in crystals, partly dissolved in hot springs, partly also in the 
hot vapours emitted in those districts. By conducting the vapours into 
water a 2 per cent solution of boric acid is obtained, from which the acid 
itself is prepared by evaporation. 

Besides this, boric acid is artificially produced from numerous minerals, 
e. g. to a large extent from Stassfurtite. Stassfurtite is a double salt of magne 
shim borate and magnesium chloride; it is dissolved in slightly diluted HCl 
and the resulting mass treated with boiling water. At a temperature of about 
100® the solution becomes clear and the fluid is then placed in crystallizing 
vessels. The resulting crude boric acid is purified by recrystallization. The 
initial crystallization takes place in wooden vats lined with lead, the rccrystalli 
zation in earthenware pans. The production of boric acid from the mother- 
liquors, a process which till recently was not profitable, is now protected by 
the Germ. Pat. 136181. According to this pat<*iit it is possible to obtain the 
whole of the boric acid from the mother-liquors in a chemically pure state, 
without any evaporation, by adding liquids which cause the separation ot 
the acid but do not mix with the liquor; such agents are ether, acetic acid 
and chloroform. 

Other boron minerals are utilized in the production of boric acid, the mineral 
being decomposed with acid. 

Pure boric acid crystallizes in oily-looking, shining colourless scales of the 
triclinic .system. At 15® it dissolves in 30 parts of water, in three parts at 
100®. It is volatile in steam and dissolves readily in alcohol; at a temperature 
of 100® the ordinary boric acid (ortho-boric acid) B(OH)3 is converted into 
meta- boric acid BO . OH, and the latter is converted into pyroboric acid 
H2B4O7 at a teinp(;rature of 140®. By heating, boron trioxide (boric anhydride) 
B.2O3 is obtained, as a glassy substance. .M, P. 180®. 

Boric acid: 

Bomx Consolidated Ld., 16 Eastclieiij), J.ondon E.C. 

Borneol (Ca.mphol; Borneo CA.Mnion) Cj„H]7 • OH. Derivative of th( 
U^rpenes : — an alcohol of the camphane group. It occurs in three modifications, 
dextro rotatory, laevo rotatory and inactive. Bomcol is a widely distributed 
kind of camphor, which occurs principally in Borneo and Sumatra in the 
old trunks of the iJryohahmopH camphora, and is mechanically collected 
there. The “d" and “1" modification of bomeol arc formed artificially and 
simultaneously when common camphor is rt^duced with Na in alcoholic solution 
or in neutral solvents. 

The method.s, by which artificial bomeol and camphor are manufactured 
from certain terpenes, especially oil of turpentine, appear to become more and 
more important. Thus tne Pontchester Chemical Co. in New York manufac 
tures bomeol (and from this artificial camphor) by allowing oxalic acid to act 
on turpentine oil — which is free from camphor — and treating the 
mixture with CaO, when the bomeol and camphor formed are distilled oft. Tln^ 
eA)mpound pinyl formate decomposes on being heated into bomeol and CO. 
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The Germ. Pat. 175097 and 178934 describe the preparation of bomeol 
and isobomeol by heating substances such as turpentine which contain 
pinene or camphenes with monoxy aromatic acids e. g. salicylic acid. The 
ester so prepared is boiled with soda. 

For further information on these methods of artificial preparation see 
article “Camphor’'. When pure, it forms crystals which nave an odour 
resembling that of camphor but with a smell of pepper and ambergris. M. P. 
203— 204^ B. P. 2120 ^ 37®— 38o. 

Bornyl acetate (artificial pine-needle oil). Prepared from bomeol by the 
action of formic acid and acetic anhydride. 

Bornyval. Trade name for bornyl iso valerianate CjoHj^O . C^HgO. Clear 
liquid smelling and tasting faintly of valerian B. P. 255®; used medicinally. 

Boroglycerinc C^Hr^BOg. Prepared by heating 62 parts of boric acid and 
104 parts of glycerine to 150®. Pale yellow transparent mass with vitreous 
fracture, soluble in water and alcohol. Used as an antiseptic. 

Borol. Fused mixture of boric acid and sodium bisulphate is used as an 
antiseptic. 

Boron B. A. W. 10.94. Obtained from boric anhydride by fusion with 
metallic Na in the absence of air. Recently it has been obtained by Moissan 
in the electric furnace. According to the Germ. Pat. 147871 boron is prepared 
in the crystalline form, with the help of Al, by igniting a mixture of aluminium 
powder, sulphur, and a boric oxide compound. The mixture starts to bum 
and melts to form a mass of aluminium .sulphide, in which on cooling the 
crystals of boron are found embedded. They can be obtained by decomposing 
the AUS^ with H 2 (). According to the Amer. Pat. 785962, boron may be 
prepared by e](‘ctrolysing the fu.sed borates of electropositiv^e metals, using 
a comparatively large current between a cathode and a carbon anode,’ which 
reduces the boric anhydride. 

Amorphous boron is a chestnut- brown, non-fusible powder, S. G. 2.45, 
somewhat soluble in HoO. It dissolves in melted AI and separates out again on 
cooling in crystals wliich resemble graphite. The crystals vary from trans- 
parent yellow to black with metallic lustre. The variety of crystalline boron of 
S. G. 2.68 almost exceeds the diamond in hardness. Commercially the element 
boron is very little used, but its compounds are of great importance. 

Boron compounds. Borax, boric acid, and perborates arc treated in separate 
articles. The other borates are to be found under the corresponding metallic 
compounds. 

Boron carbide sec under Carbides. 

Borovertin. Hexamethylenetetramine triborate (CHolgN^ . 3 HBOo. 
A colourless crystalline powder soluble in water, having a" faint salty acid 
taste, containing 51.5 % hexamethylenetetramine and 48.5 % anhydrous 
metaboric acid, equal to 68.4 % of officinal boric acid. Used as a non-irritating 
antiseptic in urinary troubles. 

Bottles. 

E. Breffit & Co. Ld., Caatleford, Yorka. 

Iron bottles: 

Kloino, Ncuachiiofer & Co., Schwolni. Wos'f.. Oorinauy. 

Boxes. 

Boxes of Earthenware: 

Weatdeutsohe Steinzoug - CFintnotte- und Dinasworko G. in. b. If,, Kuakirchen, Rheinland 

(Germany) (eoe front part advt. p.). 

Brandol. 1 % aqueous solution of picric acid, containing also 0.4 % un- 
dissolved acid. Used for bums. 
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Brass see ‘Coppee alloys**. 

Brass plating. For general information see under Electeodbposition. 
The brass baths are combined copper-zinc baths; the following receipes may 
be recommended. 

Brass bath 1. In this A stands for copper, zinc, and iron, B for iron goods. 

Bath A contains 0.4 grm Cu and 2.3 grm Zn in 1 lit., bath B 1.9 grm Cu and 
13.5 grm Zn in 1 lit. 

A B 

Copper vitriol, pure 16 76 gr 

Zinc vitriol, pure 100 600 gr. 

Potassium cyanide pure 160 1350 gr. 

Distill, water 10 10 lit. 

The CUSO4 and ZnS04 *^re dissolved in 5 lit. HgO on the one hand, and the 
KCN in H2O on the other, and then the two solutions are mixed. As cyanogen 
gas is evolved by this process, it must be carried out either in the open, or in 
a draught chamber. 

Brass bath 2. 150 grm CUSO4 and 150 grm ZnS04 are dissolved together 
in 2 lit. HjO and concentrated Na.,C03 .solution is added as long as a precipitate 
is formed (about 400 grm crystal soda). The precipitate of zinc carbonate 
and copper carbonate is repeatedly washed, and then brought into a solution of 
200 grm sodium bisulphite powder, 200 grm pure KCN, 200 grm cryst. soda, 
and 2 grm arsenious acid (arsenic sesquioxide) in 5 lit. HgO; after filtering, 
the solution is ma<.le up with water t<3 10 lit. 

The anode is either a plate of bra.s8, or plates of zinc and copper; the colour 
of the brass deposit may be varied within wide limits by dipping the plates 
unequally deep, or by using plates of different size. 

The electrolysis is carried out in cold solution, at ordinary temperatures, 
with a current strength of 0.6 — 0.7 Amp., and 3—4 volts. 

Sheet-brass : 

Friodrich Heckinarin, Berlin SO. 1<J, Brack»'n>ttr. 61) (boo advtM. ). 

Brass Plating: 

Caanings, Great Hampton St., Birmiogbatu. 

Brass-Foandry : 

Friedrich Heckmann, Berlin .SO. 16, BrvickonHtr 6b (boo advt«.). 

Brassfoandry, Redbrassfoandry, Phosphorbronze and Metalfoondry of all kinds: 

VolkmM Haenig A Comp., Heidonau-DrosKlon, Gehnany (boo front part advt.). 

Bricks. A di.stinction is made between weather-proof and fire-proof bricks. 

For fire-proof bricks difficultly fusible slate, which is poor in fluxes, is 
repeatedly burnt and then mixed with a fatty plastic clay. The fire-proof Dinas 
bncks (Flintshire stones) are formed by mixing pure quartz with mdk of lime. 

The raw material for the common bricks is calcareous clay (clay marl) 
such as is found especially in North Germany in very large deposits. It con- 
tains CaCOg not only evenly distributed, but also in larger pieces (kidneys), 
and also iron ochre, sand, felspars, &c. If the clays are too greasy they are 
mixed with sand. 

The clay is loosened by exposing it to the air for a long time, and then 
washed in order to free it from coarser impurities. The clay is then worked 
up in vertical or horizontal kneading machmes (clay cutters), especially when 
a mixture of different materials is used. 

The moulding of the bricks is carried out either by hand in wooden or iron 
moulds, oriin special brick presses. Frequently the clay cutters are so arran^^cd 
that the kneaded plastic mass passes out in the form of a long column, of which 
the section exactly corresponos to that of brick. The mass then only needs 
to be cut into the required lengths. 



Brine. 


113 


The moulded bricks are dried in sheds or artificially by the radiating heat 
of the kiln. Hoffmann’s ring-kiln is generally used for burning the dried 
bricks. It consists of 12 — 20 chambers communicating with one another, 
each containing 6000 — ^20000 bricks. The heating is carried out either with 
coal or with generator gas. One part of the kiln is still at a red heat while 
another is cooling, a third is being emptied, and a fourth is being refilled with 
dry bricks, and so on. The kiln gases on passing out warm the bricks which 
have just been brought in, and the heat passes round the kiln. This is brought 
about by different positions of the fire slides, &c. 

The colour of the bricks varies according to composition, the nature of 
burning and the composition of the fire gases (oxidizing or reducing gases). 
Facing bricks arc also coloured by means of metallic oxides, or are glazed. 

Those bricks which have been heated too strongly are called clinker; the 
same name is also given to fire-proof stones or bricks, which are made of 
specially suitable clays with the addition of burnt brick dust. 

For articles which must be specially uniform, such as facing bricks, &c., 
clays poor in lime are better than those rich in lime, or the calcareous fatty 
alluvial clays are mixed with fire-proof clay materials, such as fire-proof-brick- 
dust. Such facing bricks are very carefuUy moulded, and while being burnt 
are protebted by suitable arrangements from flying ashes, &c., or still better 
the kiln is heated by gas. 

Brine see Salt. 

Briquettes. These are made from the small pieces of coal and brown coal by 
compressing them together. Some binding material is also usually added. 

Brown coal briquettes are prepared without the addition of water. The 
material is first sorted, pieces about 3 — 4 mm are selected and dried in special 
ovens which are of different types. The press mostly used is that known 
as the exter press. Pitch and other materials mentioned below are used as 
binding agents. 

For the manufacture of ordinary coal briquettes the fine coal or slack is 
used. The brown coal can be compressed directly into briquettes but the 
coal dust requires the addition of some cementing agent. For this purpose 
various kinds of pitch are added, about 10 % of the weight of the coal being 
necessary. The mixture is heated and pressed. 

According to Germ. Pat. 141344 less pitch is necessary if the mixture is all 
melted together. 

According to Germ. Pat. 136322 and 142862 the waste liquors from manu- 
facture of sulphite cellulose are used as binding agents. For this purpose 
they are evaporated almost to dryness and tar -products, asphalt, resins, wax 
or glue are added. 

This addition prevents the formation of a tough skin which would otherwise 
be formed from the volatile substances, and also insures the decomposition 
of unpleasant sulphur compounds derived from the waste liquors. 

An improvement on this method is the object of Germ. Pat. 144819. The 
briquettes prepared as above are not stable to the action of the air on account 
of the solubility of the cementing agent. This objection is removed by heating 
the mixture to at leastl20®; the alkali liquors are decomposed and the briquettes 
become more stable. Another improvement designed to obtain a powdery 
residue is protected by the Germ. Pat. 161676. The method consists in the 
removal of volatile constituents by drying in a current of air or gas or in vacuo 
and the resulting mass is obtained in the form of a fine powder so that breaking 
up the mass is unnecessary. A further improvement is described under the 
Germ. Pat. 173686. 

According to Germ. Pat. 160041 brown coal briquettes may be prepared 
by mixing with the dust the residue of hair and wool obtained in the process 
Bluoher. S 
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of the manufacture of glue. By adding a further small quantity of adhesive 
material a durable briquette is prepared by suitable pressing. 

Germ. Pat. 144948 treats of the application of cement as a binding material. 
The method has been known but has found little application on account of 
the fact that different materials require different amounts of cement, which 
are destroyed by the heat. This objection can be removed according to the 
above patent by roasting the combustible matter before mixing with cement. 
The material is thus thoroughly incorporated with the cement and the briquettes 
do not fall to pieces in the fire. The rise in the amount of ash can be compen- 
sated by the addition of naphtha residues. 

The increase in the numbers of patents connected with the manufacture 
of briquettes has recently become so great that only brief reference can be 
made to the most important of them. 

Germ, Pat. 158497 states that the making of briquettes with a soluble 
cementing material is only possible, if the coal be rich in gas, by previously 
coking. The briquettes so obtained bum without flame. If they do not, then, 
according to the appendix to Germ. Pat. 186652, the coal is heated after the 
addition of the bincling material until all the cementing material has become 
coked. Improvements in the coking of the water-soluble binding materials 
are described in the Germ. Pat. 174563 and 183280. 

According to Germ. Pat. 186775 briquettes prepared from finely divided 
coal &c. with the addition of 1 % of chalk can be made stable by exposing 
them in a heated chamber to the action of hot HCl. 

Machines for manalactnring Briqnettes: 

Werner Pfloiderer & Perkins Ld., Peterborough, 

Britannia metal see Antimony alloys. 

British gums see ,,Gi m.s“. 

Brockite see Safety explo.sives. 

Bromaline = Hexamethylenetetramine-ethylbromidk. 

J3r. 

Obtained by the action of etliylbromide on hexamethylenetetramine (8(‘e 
article Urotropin) in the presence of alcohol. 

Colourless, crystalline powder, readily soluble in H/), which is given as a 
substitute for bromine salts as a sedative in neurasthenia and epilepsy. 

Bromcamphor (Camphor monobromide) CjoHjjBrO. The following 
method of preparation can be recommended. 300 grin camphor are dissolved 
in ISO grms CHCl^, treated in a tubulated retort witli 320 grrns bromine, 
and the mixture allowed to stand for several days until it has hvxm turned 
into a crystalline paste. The tube of the retort is closed with a safety tube, 
and the whole then gently w'anned on a water bath. At the same time 
the fumes of Br wlii(;h are formi^d are passed through a wide glas tube 
into HgO. When no more fumes of HBr are evolved the retort and contents 
are allowed to stand in the cold for 24 hours, when the bromcamphor separates 
out. The crystals arc separated from the rnotlu^r li(|uor, washed with 
absol. alcohol, and recrystallized from hot ether until thciy appear pure whiti^. 
If the .solution of the crystals show a(3id reaction they must be washed with 
dilute XrjCO^ solution before the recrystallization. 

Large, colourless crystals, withaweak camphor smell. M. P.76°, B. P.274®; 
it sublimes lx3low lOO®. Soluble in 15 pts. alcohol, readily soluble in ether, 
chloroform, hot benzene, and fatty oils, almost insoluble in JlgO. 

It is used in medicine, and is taken internally as a sedative, usually in doses 
of 0.1 — 0.5grm. 

Bromindigo see Indigo dyk.s. 
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Bromine. Br. At. Wt. = 79.96, Bromine salts occur in sea water, in mineral 
springs, and in the abraum salts (see this) of the Stassfurt deposits. By far 
the larger amount of bromine is now obtained from the last-named source. 
The waste lyes of the camallite manufacture are used for this purpose, the 
amount of bromine contained in them varying between 0.16 and 0.35 
(usually 0.25 — 0.29) %. 

According to Pfeiffer’s continuous process, the bromine is set free from 
the magnesium bromide — in which state it occurs — by means of chlorine. 
The hot bromide solution percolates slowly through the interstices in a sand 
stone tower which is filled with clay balls, and meets on its way the ascending 
stream of chlorine. The bromine thus liberated is isolated by allowing the 
liquor to flow into a cauldron, driving out the bromine directly with steam, 
and allowing it to condense in earthenware cooling spirals. The purification 
of the crude bromine is carried out by distillation from glass retorts, usually 
over a bromine salt. 

According to the Amer. Pat. 733466 a stream of air, which contains bromine 
as well as chlorine, should be passed through the mother liquors from the 
manufacture of NaCl; the chlorine is said to be absorbed by the liquid while 
the bromine, present in the form of salts, passes into the stream of gas. Accor- 
ding to the Amer. Pat. 733467 of the same discoverer, vapours wMch contain 
bromine are passed into a solution of ammonium bromide and free NHg ; in 
this way the absorption of the Br is brought about. 

Of late years the electrolytic manufacture of bromine has become specially 
important, for by the electrolysis of any bromide and chloride solution, the 
whole of the bromine is first separated. The solution is electrolysed untU 
fumes of chlorine are evolved; it then is distilled when the bromine passes 
roa^y into the receiver. The most important starting point, for the electro- 
lytic production of Br, is the waste liquors of the camallite works. On account 
of the small percentage of Br, it is necessary to pass a large amount of the 
lye through the anode chamber of the bath ; the liberated Br remains dissolved 
in the liquid and can be distilled off. The baths work at 80°; carbon rods are 
used as anodes, and copper plates, placed in cathode chambers of porous 
porcelain as cathodes. 

Another arrangement for preparing Br electrolytically is treated in the 
Germ. Pat. 134975. This contrivance consists of a column of alternate dia- 
phragms and carbon electrodes, the diaphragms, placed close between the 
electrodes, being underneath, and the carbon electrodes above ; the latter are 
provided with channels for the electrolyte — that is, for the waste bromide 
liquors. Further, the electrodes have channels leading to the top, by means 
of which the liberated H escapes. 

The process protected by the Germ. Pat. 145879 seems to be full of promise 
According to this tl\e whole of the waste liquor is not electrolysed, but only 
a small portion (about 2 %), and the liquor, enriched with free chlorine, is 
passed uninterruptedly from a small bath into fresh liquor, while the magnesia, 
which swims on the surface as a thick foam, is held back and removed. The 
electrolysed liquor is run together with the fresh into a closed mixing box 
and passes thence into distillers, in which the Br is driven off with steam in the 
usual way. 

I'O precipitate the Br in the lyes as tribromphcnol by treating 
with chlorine and phenol, and then to decompose this compound by burning 
or with Fe -f H 0 SO 4 , seems as yet to have attained no practical importance. 

. ^ ^ heavy, blackish-brown liquid, which gives off brownish-red fumes 

m the air, and possesses an unpleasant pungent smell. S. G. 3.1875 (at 0 °) 
Becomes solid at — 7.3°. B. P. 63o 1 pt Br dissolves in 31 pts. H^O (Bromine 
water). Saturated bromine water has the S. G. 1.02367. It dissolves more 
readily in alcohol, ether, and CS„ than in Efi, 


8 * 
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Bromine compounds. 


For disinfecting purposes, Br is converted into a solid form by absorbing 
it with kieselguhr. In addition to its use as a disinfectant, it is also used in 
the manufacture of tar dyes, for dissolving An, as an oxidizing agent (instead 
of Cl), as well as for the preparation of Br compounds. 

Bromine compounds. The bromides and bromates are to be found under 
the corresponding metals and radicles (e. g. Potassium bromide under 
Potassium compounds; Ethylbromide under Ethyl compounds &c.). 
Iron bromide, hydrobroraic acid, bromic acid, and bromoform are here 
described. 

1. Iron bromide. The fumes which are not condensed in the manufacture 
of bromine from the Stassfurt liquors — mostly chlorine and bromine — are 
passed over moistened iron filings. If it is wished perfectly free from Cl, 
then pure Br (free from Cl) must be heated, and the vapour allowed to act on 
the filings. 

Iron bromide EeBrj crystallizes with 6 1120 and contains 40.38 Br, 
in the anhydrous state 74.07 %. When in solution it can absorb more bromiiu*, 
and is converted into iron sesquibromide Fe^Br^, with 70,2 % Br. It is manu- 
fartured because the liquid bromine is not carried on many railways. 

The solution of iron sesquibromide is evaporated and solidified. The resulting 
brownish-black crystalline ma.ss is valued according to tin? amount of Br it 
contains (65 — 70 ®o). It is chiefly u.sed for the manufacture of KBr. 

2. Hydrobro.mic acid HBr. Usually only the aqueous solution is prepared 

for which purpose either XaBr (or KBr) is treated witli dilute or 10 pts. 

Br are allowed to drop on a mixture of 1 pt. red P and 15 pts. lUO; the whoh' 
being first gently heated and finally distilled. Uoncerning the French Pat. 
352410 which aims at tlie direct combination of H and Cl and H and Br, see 
article on IlYDROCHLORrc acid. 

HBr is a colourless, pungent, suffocating gas, which fumes very strongly 
in the air, and is very readily absorbed by il^O. 

The saturated aqueous solution has 8. G. 1.78 at 0^. 

3. Bromic acid HBr0.j. The* aqueous solution is obtained by the decom- 
position of barium bromate witli and evaporating the filtrate in meuv. 

It can be concentrated until th<* .solution corresponds to HBrOj -f 7 HjG 
(with 50 . 6 HBrOj) without decomposition taking place. 

Bromine Compoands: 

Willy Mang».-r, DoHden, Cf;rrnftny. 

Bromipin (Bromine kat). Bromine addition product of sesame oil. 

Yellow, pure oily-ta.sting liquid containing 10% Br. It is taken internally 
as a non-irritating substitute for bromine salts, and also externally as 
ointment. 

Bromlccithine see Lecitiiine. 

Bromocoll. Dibromtannin glue compound; it contains 20% Br, 30% 
tannin, 30 % glue, and 10 % ILO. It is prepared by a special proci'ss, and is 
obtained when the product of the reaction of bromine m ith tannin is precipi- 
tated with glue. 

Pale yellow, odourh'ss and tasteless powdcT; given internally as a substituU* 
for alkali bromides; further used externally as a powder or as an ointment 
for the treatment of wounds, ulcers, &c. 

Bromoform (Tribrommkthank) CHBr.,. Is obtained from alcohol or acetone 
with Br and alkali lye (^r lime. It is also obtained from tribrompyrotartaric 
acid which decomjwses on being heated with formation of oxalic acid and 
CHBr^. It is a secondary product in the manufacture of Br. Milk of lime ifl 
saturated with Br, alcohol added, and then the whole distilled. 
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Recently it has been obtained electrolytically (Grerm. Pat. 
action of the current on a mixture of alkalibromide salt (dissolved m H2^) 
and alcohol. Aldehyde or acetone may also be used in place of alcohol. 
The electrolysis is carried out in a hot solution, in an atmosphere of COg. 

CHBrg is a colourless liquid, resembling chloroform in smell, sparingly 
soluble in HgO, miscible in all proportions with alcohol, ether, benzene, and 
petroleum ether. Very pure CHBrg has S. G. 2.904. M. P. 9®. B. P. 149 — 150®. 

The officinal CHBr^ contains 4 % alcohol and is more stable than that 
free from alcohol; it has S. G. of 2.829—2.833. M. P. 7®. B. P. 148—150®. 

It is seldom used as a narcotic (inhalation) ; more often it is given internally 
as a sedative in cases of delirium, but above all for whooping cough in children. 

Bromol = Tribromphenol CBH2(OH)Br3. Obtained as a white precipitate 
by the action of an aqueous bromine solution on dilute phenol. Also obtained 
by allowing the fumes of Br to act on phenol dissolved in glacial acetic acid. 

Colourless, crystalline powder, almost insoluble in H2O, readily soluble in 
alcohol, ether, and chloroform. 

It is used externally as a caustic and disinfectant in the treatment of wounds ; 
internally as an intestinal disinfectant in typhoid, diarrhoea, &c. 

Bromotan (Bromtannin methylene urea). Is a fine yellowish -brown 
powder insoluble in water which in combination with talc and ZnO has found 
use in the treatment of eczema and itching diseases. 

Bromural. Monobromisovalerianyl urea (€113)2 . CH . CHBrCO . NH 
. CONH2. Is prepared by the condensation of urea with bromisovalerianyl 
bromide. It forms white almost tastele.ss crystals sparingly soluble in cold 
but readily in hot water, alcohol, ether. It is used as an hypnotic in doses 
of 0.3 to 0.0 grammes. 

Bronzes. By bronze, strictly speaking, is meant only alloys of Cu and Sn 
but the name is now applied to other Cu alloys. The following kinds of bronzes 
arc to be distinguislied : 

1. Durana metal, see under Copper alloys. 

2. Bell metal. (Consisting of 78 — 80 % Cu and 22 — 20 % Sn, at times 
<'ven exceeding 25 % Sn). Bell bronze is readily fusible, melts to a thin liquid, 
is yellowish gray, hard, brittle, fine grained, and of strong tone. 

3. Gun metal (Consisting of 89 — 91 % Cu and 11 — 9 % Sn. At times 
1 — 1.5 % Zn is added). The Uchatius bronze (steel bronze) consists of 92 % Cu 
and 8 % Sn. It is tougher but softer than the usual gun metal. Its special 
property is that the walls of guns made from this, (i. e. the rifling) become 
hardened by mechanical treatment at ordinary temperature (the driving 
through of steel rods by hydraulic pressure). 

4. Art bronze (for statues, coins, medals, and ornamental objects). The 
composition varies very much — the genuine bronzes contain 80—90 % Cu 
and 5 — 8 % Sn. Besides these Pb and Zn are added, of which the former 
makes the working easier by diminishing the brittleness and toughness. 
The yellowish -red colour of the freshly cast bronze gradually changes on the 
surface owing to the action of the air into a deep brown tone with a bright 
green coating (Patina). 

For coins in the German empire (the so called “Copper coins”), an alloy of 
95 % Cu, 4 % Sn and 1 % Zn is used. For medals a pure tim bronze with 
5—10 % Sn is employed. 

5. Machine bronze. Very many Cu-Sn alloys are used for making parts 
of machines, especially for axle bearings, slides, piston rod collars, blast 
furnace nozzles, ships’s plates, cog wheels, &c. The majority of these alloys 
consist of 80—90 % Cu, 10 — 18 % Sn, and 2 — 4 % Zn; larger amounts of Zn 
(as well as Pb) are only used for bearing metals. 
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Bronze colours^ 


6. Mirror bronze. Must be capable of taking a very high polish and be 
of as light a colour as possible. Also the polished surface must not easily 
t-amish. Only an alloy with a high percentage of Sn meets these requirements 
(28 — 35 % Sn), and the hardness is increased by the addition of a small 
amount of Ni. 

7. Aluminium bronze. An addition of A1 to Cu alters the properties of the 
latter in a manner similar to Sn, but to a greater extent. For further in- 
formation concerning A1 bronzes, see Aluminium alloys. 

8. Phosphor bronzes. An addition of P to those alloys termed bronzes 
increases the toughness and the ductility in a high degree. The P is added in the 
manufacture of phosphor bronze either in the form of copper phosphide 
(see Copper alloys), or tin phosphide (see Sn Alloys). The P serves the 
purpose of rendering the alloy free from 0, and the excess of P in the finished 
bronze must not exceed a few tenths of a percent, otherwise the qualities are 
made worse instead of better. 

As all bronzes may be treated with P, the composition of the alloys called 
phosphor bronzes is naturally very varying. 

For some purposes bronzes are of value which contain up to 3 % P. 

9. Manganese bronze. In these bronzes the Mn acts primarily as P, 
that is as a deoxidizing agent; but also secondly to a certain degree as a 
substitute for tin, so that the Mn may be added in excess without doing harm, 
and may form a constituent of the finished bronze. The Mn may be added in 
the form of Cupromanganese (see Manganese alloys). 

10. Silicon bronze. Si acts just as P, that is, as a deoxidizing agent; 
it greatly increases the toughness of bronzes poor in Sn, and decreases the 
ductility — which renders the Si bronzes specially adaptable for telephone 
wires. The brittleness increases greatly with the excess of Si. The latter may 
be added in the form of silicon aluminium, or silicon copper (see under Silicon). 
The manufacture of a special Si bronze of great tensile strength and toughness 
is protected by the Germ. Pat. 155908. According to this Cu, Zn, Al, and Si 
are melted together in the proportion of their atomic weights, — the Al being 
brought into the melted Zn, then the Si added, and finally the mixture .so 
obtained poured into melted Cu. 

11. Tungsten bronze see under Tungsten alloys. 

Bronze-foundry: 

Volkmftr Haenig & Comp., Heidenau-Dresdon, Germany (see front part advt.). 

Bronze colours (Brocade colours). Powdered metals or metallic alloys 
not so finely powdered in the case of the brocade colours as of bronze colours. 
They are prepared from sheet metal or the waste products of the sheet metal 
manufacturies by driving the tailings with the help of brush machines through 
sieves of increasing fineness. Finally the mass is moistened with gum water 
or solution of tragacanth and further ground in peculiarly constructed mills. 

The alloys used for bronze colours consists, for light shades of 83 % Cu and 
17 % Zn, for red of 90 — 94 % Cu and 10 — 6 % Zn. By washing, suspending, 
drying, and then carefully heating the ground bronze colours different shades 
are obtained, further by mixing the metallic powder with fat other colours are 
obtained. 

For bronzing, the bronze colours are mixed with linseed oil varnish or the 
objects are painted with linseed oil varnish and the dry bronze colours sprinkled 
over while the varnish is still wet. 

So-called liquid bronzes are varnishes in which bronze colours are suspended. 

Brown coal see Fuels. 

Brown coal tar. This is obtained by the dry distillation of bituminous 
brown coal and bituminous slates in upright cast-iron retorts, which are heated 
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by the gases of the distillation. Coke remains behind, the product of distillation 
is condensed; the aqueous part is treated like gas water for NH3, and the 
principal part is tar. 

Brown coal tar forms a brownish yellow or black mass which at ordinary 
temperatures is soft and buttery, and melts between 16° — 30° C. to a dark 
green fluorescent liquid S. G. between 0.820 and 0.960; for good qualities 
S. G. average 0.840 (at 36°). 

In working the tar, it is first warmed — very often first washed — and then 
distilled. Formerly a preliminary purification of the crude tar with H2SO4 
was carried out, but tliis is now only very rarely done as it 'often causes 
resinification. The distillation is carried out in cast iron vessels, often under 
diminished pressure (vacuum distillation). Of late years the method of distilling 
with steam has come much to the fore. The first distillate, the crude oil, 
thus obtained is submitted to a chemical purification : it is treated with acids 
and lyes and then fractionated usually over caustic soda. In this fractional 
distillation photogcn, solar oil, and gas oil, &c. are obtained. The second 
distillate of the crude tar consists for the greater part of paraffin, and is further 
purified. A part of the paraffin is also obtained directly from the crude tar 
on cooling. 

According to the Germ. Pat. 175453, in the purification with H2SO4 the 
sulphates of alkali or alkaline earth metals should be added to prevent resins 
being formed. According to other researches the lessening of the action of 
the H2SO4 is not desirable because the quality of the product is thereby 
impaired. 

Compare the articles on resinous gas, resinous paraffin, solar oil, &c. 

Brucine C23H20N2O4 4 HjO, Alkaloid, which is contained, together with 

strychnine (see this) in different Strychnos species. It is obtained by evapora- 
ting mother liquors which are left in the preparation of strychnine nitrate, 
precipitating the bases present with NH3, and converting them into the oxalates. 
On evaporating bnicine oxalate crystallizes out, while the strychnine oxalate 
remains in solution. 

Colourless, transparent, extremely bitter-tasting crystals, which contain 
4 mol. HgO. The water of crystallization escapes when placed over H2VSO4, 
or by heating to 100°. Crystalline brucine dissolves very sparingly in H2O 
but readily in alcohol and CHCI3. M. P. of the crystalline brucine is a little 
over 100°, that of the anhydrous compound 178° C. 

It is a strong poison which is used medicinally. The free base, or its salts, 
are taken in the form of pills or drops containing 0.01 — 0.05 — 0.1 grm. Largest 
dose (per dose) 0.1 grm, per day 0.2 grm. 

Brunswick green see Copper paints. 

Burners. 

Chemists’ humers: 

Guetav Barthol, Dresdon-A, 19 (see front part advt.). 

Bamers for laboratories: 

Gustav Barthel, Dresden-A. 19, Germany (so© front part advt.). 

Bunsen bamers: 

Gustav Barthel, Dresden-A. 19 (see front part advts.). 

Burnishing, see Metal colouring as well as Rust protecting agents. 

Butipyrin. This is the name given to an imitation of the commercial patented 
Trioemin. 

Butter. Usually only the cream and not the milk is churned. In factories 
the cream is separated, not by allowing the milk to stand in flat dishes, but 
by means of a milk separator, or centrifugal machine. 
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Butter milk preservatives. 


The mechanical movement necessary for turning cream into butter is per- 
formed in the chum, either in stationary stamping chums, or in rolling or 
cradle chums; of the latter some are built with perpendicular, and some 
with horizontal beaters. 

The pressing out of the butter and the kneading of the mass is carried out 
on a large scale by means of the butter kneading machines. After being kneaded 
it is usually salted to make it keep better. On an average 1 kg butter is obtained 
from 24 — 30 1 milk ; by means of cream -separators the yield when compared 
with the other methods is increased by 10 — 20 %. 

The investigations of Pollatschbk, as to why the butter turns brown and 
foams when roasted, show that the frothing is due to the presence of small 
amounts of soap and HgO in the butter, while the principal cause of the brown 
colour is lecithine. 


Composition of butter, according to Konio (300 Analyses.) 



In natural butter 

In the dry substance 

Water 

% 

Fat. 

0 / 

/o 

Casein 

% 

Milk 

sugar 

% 

Lactic 

acids 

% 

Salts 

% 

Fat. 

‘V 

/o 

Casein 

% 

trogen 

% 

l. Maximum 

4.15 

69.96 

0.19 

0.45 

0.02 

80.96 

0.22 

0.04 

2, Minimum 

35.12 i 

86.16 

4.78 

1.16 

16.08 

98.70 

5.63 

1 0.88 

3. Average 

1.3.69 

84.39 

0.74 

0.50 

0.12 

1 0.66* 

97.64 

0.86 

0.14 


* Only butter with less than 2 % salts is considered in the determination of average. 


Compare also under Milk the articles for testing milk. Further see also 
Margarine and Cocoannt butter. 

Butter-milk preservatives see Milk preparations. 

Butyl alcohol C^Hg . OH. Of the four isomerides the isobutyl alcohol 
(fermentation butyl alcohol) (CH 3)2 : CH . CHg . OH is especially important. 
It occurs in potato fusel oil and is obtained from this either by fractional 
distillation or by precipitation as the iodide. 

Colourless liquid which smells of fusel oil and jasmine. S. G. (at 0®) 0.8168, 

B. P. 108.4® C. 

Butyl alcohol: 

C. Erdmann, Loipzig-Lindenau. 

Butyric acid C 4 H 8 O 2 . Of the two isomers only the normal butyric acid 
(ethyl acetic acid) CH 3 . CHg . CH 2 . CO-H is of actual importance. It is 
obtained in “butyric acid fermentation’* by mixing starch paste or boiled 
mashed potatoes with hot HgO and a little tartaric acid and adding after a 
few days decomposing meat or cheese. It is also produced from sour skimmed 
milk by adding prepared chalk and leaving to stand in a warm place ; the HgO 
lost by evaporation is replaced from time to time: The calcium lactate, 
first formed is changed into calcium butyrate from which the acid is obtained 
by converting it into the sodium salt and setting free the acid with H 2 SO 4 . 
By fractional distillation butyric acid can be separated from the other 
fatty acids formed at the same time. 

Colourless, oily liquid of rancid smell and intensely acid taste, crystallizing 
in leaves at — 19® C. Boiling point 163®; S. G. (at 14°) . 0 - 9680. It mixes 
with H 2 O, alcohol and ether, bums with a blue flame and forms crystalline 
salts most of which are soluble. 

Butyric ester (Butyric acid ethyl ester) C 3 H 7 .CO 2 .C 2 H 5 . Obtained by 
distillation of ethyl alcohol with once rectified butyric acid and H 2 SO 4 . By 
distillation of carob fruit (St. John’s bread, fruit of carob tree — fermented 
with chalk) with alcohol and H 2 SO 4 a butyric ether is also produced. 
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Colourless liquid with a pleasant fruity smell S. G. (at 18®) 0 . .90; B. P. 121®. 
It is used in the manufacture of artificial rum and of many fruit essences 
(see special article). 

Butyric acid: 

C. Erdmann, Leipzig-Lindenau. 

Butyric acid ether: 

('. Erdmann, Leipzig-Lindenau. 

Butyrum cocoa see “Cocoa butter". 

Byroline. Mixture of boric acid, wool fat, glycerine and H^O. It is used 
or the skin. 


c. 

Cachou dc Laval. A coal tar colouring matter of unknown constitution, 
obtained by melting organic substances such as bran, saw-dust etewith sodium 
sulphide. By freeing the substance from excess of sulphide of sodium and 
dissolving in alkaline sulphite the so-called cachou de Laval us obtained. 
It is a brown sulphur dye which dyes cotton directly: it is almost entirely 
used for the purpose of printing and dyeing cotton. After being dyed the 
materials are fixed by being placed in a bath of K.^Cr207 and H2SO4. 

Cacodyl preparations. Cacodylic acid and its salts have of late come much 
into use in medicine. 

If dry potassium acetate be heated with equal parts of arsenious anhy- 
dride, an oil is obtained which has an extremely objectionable odour, 
B. P. 170® almost insoluble in water. This is the so called Cadet’s fluid which 
contains a smale quantity of cacodyl As, (CHo)4 and much cacodyl oxide 
AS2 (CH3)40. 

If this mixture be treated with mercuric oxide both compounds are oxidized 
to cacodylic acid i. e. dimethyl arsenic acid, As(CIl3),02H. 

It forms crystals which dissolve readily in water an(f have no smell. It 
is a monobasic acid, the salts arc soluble in water and are 'mostly 
amorphous. 

Cadmium. Cd. Atomic weight = 112,0. The principarraw'’matcrial from 
which cadmium is obtained is zinc dust. This dust is formed during the 
treatment of ores containing cadmium. It is brown and contains up to 30 % 
CdO (andCdCOg). Cadmium is generally obtained by a dry process of fractional 
distillation, as it becomes gaseous at a comparatively low temperature. 
The distillation must be repeated several times. 

A perfectly pure cadmium is obtained more simply by a wet process, viz. 
by treating the zinc and cadmium alloys with dilute H2SO4. The zinc 
first dissolves, and being a more electro-positive metal it tends to preci- 
pitate the Cd. from the solution. 

A new method of distillation (Germ. Pat. 132142) for obtaining a cadmium 
quite free from zinc is based on the property possessed by certain bodies of 
reducing cadmium compounds, especially CdO and CdC03 at a moderate 
^d heat without reducing the compounds of other metals, such as ZnO and 
ZnCOg. This process depends upon the fact that cadmium-containing zinc ores, 
associated with sufficient bituminous matter and the carbonates of iron 
and manganese are reduced directly without the addition of further quantities 
of these materials. In the case, however, of zinc dust, poussiere &c. which 
are poor in these substances an addition of them is necessary. 
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Cadmium alloys. 


According to Dr. Carl Goldschmidt cadmium can be separated from 
cadmium salts not only by zinc but also by Al. If a trace of chromium nitrate 
solution be added, the precipitation is complete. Cadmium is an almost silver 
white, hard, tough metal which becomes covered with a thin film of oxide 
on exposure to the air. Its specific gravity is 8 . 6 . M. P. 320®, B. P. 770®. 
It dissolves readily in HNO3, less readily in dilute HCl and H2SO4. It is 
used for making readily fusible alloys and also in dentistry for making cad- 
mium amalgams. 

Cadmium alloys. The alloys of cadmium are remarkable for being very 
easy to melt. Among the best known alloys are the following, 

1. Wood’s metal consists of 1 part Cd, 2 pts. Pb, 4 pts. Sn. and 4 pts Bi. 
It is very lustrous, almost silver- white, fairly flexible and has a meltinj.^ 
point a little over 60®. It is used as a solder and was formerly also used in 
dentistry as a stopping 

2 . Lipowitz’s alloy, a compound of 3 pts. Cd 8 pts. Pb, 8 pts. Sn and 
15pts. Bi. M, P. 70®. 

3. Soft solder made of 2 pts. Cd, 2 pts. Pb and 4 pts. of Sn. It is very 
tough and can be hammered and rolled. 

Other cadmium alloys are employed for various purposes. Compare also 
the article Aluminium alloys No. 6 . 

Cadmium colours. Cadmium sulphide, jaune brillant, is the onlyCd compound 
used as a colour or pigment. It is a very beautiful brilliant colour very durable 
and fast to light. It is much prized by artists for its covering power, but at 
the same time it is very expensive. It is obtained by precipitation of solutions 
of cadmium with HgS or sodium sulphide. The tint varies from lemon colour, 
pale yellow to deep orange according as the precipitate is obtained from a 
weakly or strongly acid solution. 

It is also produced by electrolytical methods. A solution of common salt 
is electrolysed between cadmium electrodes and HgS passed through the so- 
lution. 

Cadmium compounds. 

1. Cadmium acetate Cd(C2H302)2 + 3 H 2 O. This compound is formed 
by dissolving CdO in C 2 H 4 O 2 and evaporating to the point of crystallization. 

2. Cadmium bromide. CdBrg 4- illgO. Obtained by digesting Cd (sus- 
pended in HgO,), with Br and then evaporating and crystallizing. 

The crystals are long, colourless, deliquescent needles, which dissolve easily 
in H 2 O and alcohol. At 100® 2 mol. and at 200® the rest of the water 
of cystallization are lost. The salt is used for photographic purposes. 

3. Cadmium chloride CdClg + 2 H 2 O. Obtained in the form of deliques- 
cent crystals by evaporating a solution of Cd in H(^. 

Cadmium iodide Cdl 2 . This is obtained in the same way as cadmium 
bromide or by evaporating a solution of KI with CdS 04 . Hexagonal leaves 
with a mother of pearl lustre which dissolve in water and alcohol. Cadmium 
iodide is used in photogr^hy. 

4. Cadmium oxide CdO. A substance produced by heating Cd to a 
red heat, or by heating OiCOa CdS 04 or CdfNOg),. It forms according to 
its method of preparation, either a brown infusible powder or blue- black 
microscopic octahedra, S. G. 8 , 1 . 

By precipitating dilute cadmium solutions or by digesting CdO Avith HgO a 
white cadmium hydroxide is obtained, Cd(OH )2 which absorbs CO™ from the air. 

6 . Cadmium sulphate CdSO^. Is obtained by dissolving Cd in H 2 SO 4 
with the addition of HNO3 and then evaporating. This salt contains varying 
amounts of water for instance 30 dS 04 -f 8 H 2 O and CdS 04 + 4 H 2 O. The 
crystals are colourless and soluble in water. 
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6. Cadmium sulphide CdS see under Cadmium colours. 

, Caesium and Caesium compounds. Caesium Cs, Atomic weight = 132.9. 
^Metallic caesium is obtained, with a certain amount of difficulty, by the elec- 
trolysis of a fused mixture of caesium cyanide and barium cyanide. It is a 
silver- white, very soft metal which bums easily in air. S. G. at 15® 1.88. 
B. P. 240®, M. P. 26® to 27®. It is of no commercial value. 

The caesium compounds resemble in every respect those of potassium. 
ITiey were first discoveredin the mother liquor of the ,,Durkheimer salzsole." 
Caesium hydroxide is a very powerful base. Caesium platinumchloride, which 
is very insoluble in water, is of importance for separating caesium and 
potassium compounds from each other. Caesium alum, and caesium rubidium 
alum, are more frequently made use of. The first named is about 22 times 
a.s insoluble in water as potassium alum. 

Caffeine (Theine. Trtmethyl xanthine). 


CH 3 . N — CH 

I II 

CO C-K CH 3 
>CO 


• k./' 


Caffeine is an alkaloid which is present in Coffea arabica and in Thea 
Chinensis. 

It is usually prepared commercially from tea dust although this substance 
only contains 1 .4 % The tea dust is extracted several times with hot water ; 
the liquor is then evaporated and the tannic acid is precipitated with milk 
of lime. After this the caffeine is obtained from the filtrate by treatment 
with alcohol. When the alcohol is distilled off the crude caffeine remains 
and is then dissolved in water, boiled with animal charcoal and finally purified 
by recrystallization. 

Caffeine crystals are white silky needles which lose the water of crystalli- 
zation at 100 ^ They sublime at 180®, M, P. 230.5. Caffeine dissolves in 80 pts 
of HgO at 15® in 2 pts of boiling HgO. It does not dissolve readily in alcohol 
CS 2 , CjHg, petroleum ether or ether but readily in CHCI 3 . It is administered 
subcutaneously and also internally in cases of neuralgia, migraine and 
certain forms of heart trouble. Max. Dose 0.5 gr, max. daily dose 1.5 gr. 

Testing of aciaeoas solutions of Caffeine with the Immersion Refractometer according 
to Hanns. Prosp. Mefi 165: 

Carl Zeiss, Jena (Germany). 


Calcareous stone (artificial). For a long time attempts have been made 
to produce a building material, from a mixture of lime and sand, which would 
serve as a substitute for stone or bricks. It is a well known fact that the 
manufacture of bricks from clay is very dependent on climatic influences ; 
this disadvantage would not come into question in making stones, 
bricks &c. from lime and sand. Again, clay bricks can only be made 
where clay is to be found, which renders the price extremely high when they 
have to be transported to any great distance. As sand is to be found every 
where, this objection would naturally be almost entirely removed. The 
process of making bricks from sand and lime is a very simple one. The bricks 
are pressed ont of a mixture of lime and sand, in definite proportions, con- 
tammg the proper amount of moisture, 

A special press is used from which they are taken by hand and loaded into 
iron trucks. The loaded waggons are run on rails into a hardenii^ chamber, 
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which is then closed. Steam pressure is applied for a specified length of time. 
During this time the stones go through the process of hardening, and when 
the waggons are again drawn out of the boiler the bricks are ready for use. The 
various methods for carrying out this process differ considerably in many points. 

The stones or bricks are not only weather proof but also show great re- 
sistance to fire, and can therefore be used for constructing the masonry 
round boilers. 

The Germ. Pat. 138935 and 151946 protect the manufacture of non-con- 
ducting lime and sand bricks, which are made from a mixture of lime sand and 
kieselgur containing more infusorial earth than is necessary for the formation 
of calcium silicate. After the treatment in the steam chamber, these stones 
can be burnt, in which case they may first be impregnated with water glass. 

The objection that bricks of this nature lose their colour under the influence 
of rainy weather, is removed by the Germ. Pat. 168615 in a very simple manner. 
The stones after being hardened under steam pressure arc glazed and then 
burned until the glaze melts and combines with the silicate of lime. The 
facing of such stones can be glazed so as to give different colours and tones. 

Calc spar CaCOg, A naturally occurring calcium carbonate. 

Calcium nitrogen. This designation is given by Frank to raw calcium 
cyanamid, see Calciom compounds. 

Calcium Ca. Atomic weight = 40. Calcium is obtained from fused CaClg 
by electrolysis with a carbon anode and an iron wire as cathode; the metal 
which is separated remains attached to the latter. Of the many proposals 
for lessening the difficulty of obtaining calcium that of Ruff and Plato Germ. 
Pat. 153731 deserves most attention. They make use of a mixture of 100 pts 
of CaCL with 16.5 pts. of CaFj which melts at 660°, that is at a lower temj)e- 
rature than the Ca itself (760°). It is electrolysed at 800°. Retort graphite 
serves as anode and iron wire as cathode. To the lower part of the iron wire 
a very thin steel wire is attached which becomes red hot by the passage of 
the current, 8 amp. at 8 volt. The Ca adheres to the wire; it contains 
99.3% Ca. For obtaining large quantities the same mixture of salts is electro- 
lysed in the well known Muthmann apparatus. The inventors have found 
that pure Ca can only then bo profitably s^arated by electrolysis when the 
following conditions are observed. 1. The S.Gr. must be so high and the melting 
point so low that at the temperature of the electrolysis it is sufficiently fluid 
and yet dense enough to allow the globules of calcium to rise to the surface. 
2. The mass must be free from foreign metals and silicates in order to prevent 
the formation of calcium alloys or calcium silicides; further any impurity 
of the resulting metal would cause the calcium particles to melt together 
to form larger masses. 3. The temperature during the process must be kept 
as little as possible above the melting point. 

According to Germ. Pat. 144667 small cathodes and large anodes are used 
for electrolyzing fused Ca Clg. The temperature is kept below the melting 
point of Ca. Under these conditions the Ca separates and adheres to the 
cathode as a spongy mass, which can be compressed by the use of special 
tongs to a solid mass of metal, before being removed from the electrolyte. 
The metal so obtained contains about 90 % Ca and can be used in this state 
for many purposes. Should it be necessary to remove the salts contained in 
the metal or otherwise to purify it, it is carefully melted with exclusion 
of air. 

According to Germ. Pat. 166433 the electrode to which the melted Ca is to 
adhere is very gradually withdrawn so that the metal is deposited in a com- 
pact form as a rod It is also advantageous to keep the cathode in a vertical 
position and to allow only the end, to aip below the surface of the electrolyte. 
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r* Until quite recently Ca had no technical value whatsoever, but it is now 
increasing in importance. It is prepared in the form of thick rods which come 
into the market packed in tin canisters. 

The metal is of a light yellow colour, is ductile and malleable. It is harder 
than tin, and very stable in dry air S. G. 1.6778. It only melts at a red heat. 
In damp air it readily oxidises. It decomposes water at a low temperature 
Ca is well adapted for reducing purposes and for Grignard’s reaction in 
which it replaces Mg. Finally some alloys of Ca have been obtained for which 
see Aluminium alloys No. 12. 

Calcium compounds. 

1. Calcium acetate Ca(C2H302)2 -f 2H2O. Prepared in large quantities, 
from pyroligneous acid by neutralizing with Ca(OH)2 acidifying with HCl 
separating off the tarry matters neutralizing with lime, evaporating and 
separating the crystals. The moist product is dried at 75® and then heated 
to 120® to remove the adhering empyreumatic substances. Purification is 
effected by recrystallization. Compare Acetic acid. 

2. Calcium bisulphate see Calcium sulphite. 

3. Calcium carbide see carbides. 

4. Calcium carbonate CaCOj is found in nature in the form of marble, 
chalk and limestone. It is obtained artificially by precipitating solutions of 
calcium salts with CO2 or carbonates. See also the article Calc spar. 
Wosonf6ld, Dicke & Cie., Bannen-R., Germany. 

5. Calcium chloride CaCl2. Is obtained in large quantities as a by-product 
in the ammonia-soda process, in the manufacture of chlorine and in various 
other processes. 

It is obtained in a pure state by dissolving CaCOs (marble or chalk) 
in HCl. 

Calcium chloride is colourless, has a bitter taste and crystallizes from 
highly concentrated solutions in a columnar form with 6 mol. HjO M. P. 29®. 
The crystals deliquesce on being exposed to the air; much heat is absorbed 
when this hydrate is dissolved in water. On heating 4 mol. HjO escape very 
readily the last two however only when a temperature of 200® is reached. 
It then forms a white mass, porous calcium chloride CaClj, which melts at 
806® and forms on solidifying a coarse crystalline somewhat fluorescent mass. 

The dry CaClj absorbs the atmospheric moisture so readily that it is largely 
used as a drying agent. 

6. Calcium chromate CaCr04. Obtained for technical purposes by heating 
chrome iron ore with chalk. The pure compound is made by precipitating 
solutions of chromates with Ca salts. 

7. Calcium citrate. Obtained by the precipitation at boiling heat of 
lemon-juice with finely divided chalk. 

8. Calcium cyanamide CaCNj. The process for obtaining this product 
IS described by Frank in his Germ. Pat. 88363, 92687, 95660, 108971, 116087, 
llw88, 141624 and 160878. Atmospheric nitrogen is conducted over melted 
CaCj with the addition of NaCl as a flux. The fusion can be carried in muffle 
furnaces and also in electric furnaces; in this way 85 — 95% of the theoretical 
quantity of N is absorbed forming a black mass of calcium cyanamide con- 

20—23.6 % of N. Still more practical is a modification of the process 
which consists in leading N directly over a heated mixture of CaO and C 
in a electric furnace. The change is represented by the equation CaO -{- 2C 
X ^ CaCNg -f CO. If the calcium cyanamide be then lixiviated with 
-1120 the result will be dicyandiamide (CNNH2)2 as a. white salt. 

2CaCN2 + 4H2O = (CN . -f 2Ca (OH)^. 
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Dicyandiamide can be worked up directly into sodium or potassiumTcyanide. 
The crude calcium cyanamide to which ISeiank has given the name of calcium 
nitride is used for manure. This provides a practical method of obtaining 
nitrogen from the air. 

According to Germ. Pat. 163320 in order to prepare calcium cyanamide 
the carbide is treated with a chloride (e. g. the specification mentions 23 % of 
CaClg), with the result that the reaction is almost complete and takes place 
at a lower temperature. 

Carlson (Stockholm) employs CaFj instead of CaClg with the result that 
the product keeps better. 

Careful experiments have shown that this substance forms an excellent 
manure, yielding nitrogen through its decomposition in the earth. 

Wagner and Gerlach assert that the nitrogen given in the form of calcium 
cyanamide is almost equal in its effects in the cultivation of various kinds 
of plants to the same quantity of nitrogen in the form of ammonia salts. 
Also that it is almost equal to nitre as a manure. For many purposes the lime 
contents of nitro calcium compound are troublesome and harmful when used 
as manure. The Germ. Pat. 164505 provides a method for the removal of the 
lime from the substance in question, by transforming the lime into cyanamide 
CNgHg. The removal of the lime can also be carried out according to the 
Germ. Pat. 108971 by extraction with hot HgO, when the nitrogen com- 
pounds pass into solution. These compounds, which contain up to 66 % of 
nitrogen, can be mixed with either potash or phosphatic manures as may 
be necessary. 

9. Calcium cyanide Ca(CN)2. This compound, according to Erlweih 
and Frank, Amer. Pat. 708333, is obtained by heating a mixture of calcium 
cyanamide (see above), carbon and NaCl to fusion. The impure mass resulting 
is said to serve as a substitute for alkali cyanide. 

10. Calcium fluoride CaFg. Occurs in nature as fluor spar in the form of 
beautiful crystals, which when chemically pure are colourless, but which are, 
however, on account of the presence of foreign substances, usually coloured 
blue, violet red, green, or yellow. CaFg is obtained artificially by heating cryo- 
lite AloFe . 6NaF with CaC03, or by boiling cryolite with lime. It is also 
obtained chemically pure by the precipitation of weak KF solutions with 
CaCl^. 

11. Calcium nitrate Ca(N03)2. Found most frequently in Venezuela; 
forms an excellent manure. In a purified state it is used in incandescent 
gas works. According to the Austrian Pat. 28352 (1907) Ca(N03)2 is obtained 
from liquors containing CaCla (e. g. the residues in the ammonia-soda manu- 
facture) by treating them with NaN03. An equivalent amount of the latter 
is used and the mixture heated to boiling point (127®) and evaporated at 
atmopsheric pressure. 

With reference to the preparation of Ca(N03)2 from atmospheric nitrogen 
by the interesting method due to Birkeland and Eydb, compare the article 
ou Nitric acid. 

It forms a deliquescent salt, crystallizing in prisms; is insoluble in alcohol. 
Used as an artificial manure. 

12. Calcium oxalate CaC204. For the artificial process of obtaining 
this compound see oxalic acid. The pure product is obtained by pre- 
cipitating alkaline or acetic acid solutions of Ca salts with oxalic acid or 
oxalates. 

13. Calcium oxides. . 

a) Calcium oxide CaO, see art. Lime. 

b) Calcium hydroxide Ca(OH)2, see art. Limb. 

c) Calcium peroxide CaO| can be obtained by treating lime water with 
peroxide of hydrogen, but is now largely prepared from sodium peroxide, 



Calcium compounds. 


127 


by the action of a calcium salt. Compare article Sodium compounds. 
The Germ. Pat. 128617 and 132706 describe another process, that of com- 
pressing a mixture of peroxide of sodium and calcium hydroxide in molecular 
proportions into little cylinders and then treating these with ice cold water. 
The hydrate of calcium peroxide thus formed is filtered off, washed 
and dried. 

According to the Amer. Pat. 847670 CaOa may be prepared by the action 
of a solution of H2O2 on a solution of calcium chloride. On the addition of con- 
centrated ammonia solution the hydrate of calcium peroxide is precipitated. 
According to the French. Pat. 364249, a solution of H2O2 obtained by the 
action of acid on Na202, is allowed to act upon quick lime or precipitated 
Ca(OH)2 . CaOg is used instead of H2O2 for bleaching. 

14. Calcium permanganate CaMn208. This compound is obtained by 
treating KMnO^ with a Ca compound. According to Germ. Pat. 145368 it 
is obtained electrolytically at the anode, when the electrolysis is carried out 
with a diaphragm, the kathode compartment containing at first CaClg and the 
anode compartment KMn04 solution -f CaCl^. It dissolves very readily in 
HoO so that extremely strong solutions can bo used. The cold saturated 
solution has a S. G. 1.8. Since it possesses great oxidizing power, so great 
that alcohol into which CaMn20g is dropped catches fire, it is employed as a 
disinfectant and for purifying sugar-syrup. 

15. Calcium phosphate. 

a) Tri-calcium phosphate Ca3(P04)2. Occurs as the mineral phosphorite. 

It is the principal constituent of bone ash which contains about 80 %. 

It is obtained artificially by precipitating an ammoniacal solution of CaClj 
with sodium phosphate. 

b) Di-calcium phosphate, acid calcium phosphate CaHP04 -f 2H2O is 
obtained in the form of a crystalline precipitate insoluble in water by prcci» 
pitating a CaC^ solution, acidified with acetic acid, with disodium phosphate 
Na2HP04. According to the Engl. Pat. 14194 (1903) the following method can 
be employed. Phosphates in the form of bones, animal charcoal &c. are heated 
sufficiently to destroy the organic substances, then treated with weak HNO3 
or HCl. After this the insoluble portions are separated and the dicalcium 
phosphate is precipitated from the solution by CaCOg. This patent has as 
little practical importance as the Eng. Pat. 19267 (1903) which likewise protects 
a method for obtaining dicalciura phosphate. 

c) Monocalcium phosphate CaH4(P04)2 + H2G- Obtained by dissolving 
one of the other two calcium phosphates in acid and then evaporating 
the solution. 

The salt, which dissolves with difficulty, is of technical importance. It 
is used for the manufacture of phosphorus and also as an artificial manure. 
See also Superphosphate. 

16. Calcium plumbate see Lead compounds No. 20. 

17. Calcium sulphocyanidb Ca(CNS)2 -f 3H2O. This compound is ob- 
tained by decomposing crude ammonium sulphocyanide solutions (see Sulpho- 
CiYANiDB compounds) With calcium hydroxide, the NH3 being expelled as 
quickly as possible by the introduction of steam. The lye is evaporated to a 
density of 45® Be when the calcium sulphocyanide crystallizes on cooling. 
According to the Eng. Pat. 22710 (1902) it can be obtained from coal-g^s 
and other gases containing cyanogen by treating them with a mixture of 
slaked lime and sulphur. The materials can be mixed while damp and used 
as a gas purifier, or mixed with water, they can be used in a scrubber tower. 

18. Calcium sulphate CaS04. This compound is found in the anhydrous 
form as anhydrite and hydrated as gypsum. For further details see Gypsum. 

Calcium sulphate is made artificially for many purposes by precipitating 
concentrated calcium solutions with a soluble sulphate or with H2SO4. Accor- 
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ding to the Eng. Pat. 14112 and 14194 (1903) calcium phosphate is dissolved 
in dilute HNO3 or HCl, dicalcium phosphate is precipitated with CaCOg and 
the filtrate treated with HaS04. 

19. Calcium sulphide (liver of sulphur) is used in the leather industry 
as a depilating agent. It is however, generally employed in the form of a mixture 
of milk of lime and arsenic sulphide. 

20. Calcium sulphite. 

a) Neutral calcium sulphite CaSOg. This was formerly always obtained 
artificially by treating slaked lime with SO2. The lime must be spread in 
thin layers. The SOg gas is obtained by burning S. The heat generated during 
the process is sufficient to evaporate the water and thus to prevent the for- 
mation of calcium bisulphite; at present it is often obtained hy allowing the 
gases from pyrites ovens to act upon lime stone, CaC03 kept moist by allowiiiti; 
water to trickle over it. Care must however be taken to avoid excess of SOj, 
as otherwise calcium bisulphite would be formed which would pass into 
solution. 

Neutral calcium sulphite is a white powder which scarcely dissolves in water. 
It is used in the solid form. It is principally employed as a convenient soun e 

of SO2. . 

b) Calcium bisulphite CaH2(S03)2 can be obtained by dissolvmg CabO., 
in a solution of bOj but for practical purposes it is always obtained by leading 
SO2 (the gases from pyrites ovens) over moist porous limestone. This process 
is carried out on a large scale to get rid of the SO2 from the furnace gases 
which are so harmful to vegetation. The gases are conducted into towers 
filled with limestone pieces over which water trickles. COg escapes while 
from the bottom of the tower a solution of calcium bisulphite is drawn off. 

A special apparatus for the preparation of solutions of calcium bisulphite 
is protected by Amcr. Pat. 846499. It comes into the market as a solution 
which is used on a large scale for making wood cellulose for paper manu- 
facture; see Cellulose. 

21. Calcium thiosulphate CaS203 is almost entirely obtained from the 
alkali waste of the Leblanc process which is very rich in CaS, by allowing 
the calcium sulphide to oxidize to thiosulphate or by hastening the oxidation 
by pumping air into the waste. The CaS is also often dissolved by boiling 
with S and the conversion into thiosulphate is completed by conducting 
SO2 into the solution. 

It serves for the preparation of other thiosulphates and of antimony 
sulphide. 

22. Chloride of lime see Bleaching powder. 

Calcium Compounds: 

Willy Manger, Dresden, Germany. 

Calmine. A mixture of di-methyl-phenyl-pyrazolone and di-acetyl-morphine, 
see Antipyrine. The mixture is used medicinally for coughs, whooping- 
cough, asthma and in cases of painful menstruation. 

Calodal. A pure albumen preparation made from meat. The albumen, 
which is finely divided, contains the original phosphates of the meat and is 
very easily assimilated by the stomach, intestines or skin. It has therefore 
great nutritive and stimulating properties. It is a light yellowish-brown 
powder, easily soluble in HjO. The solution remains clear on boiling and 
consequently can be easily sterilised. 

Cal^al is an important preparation for feeding per rectum or througn 
the skin. 

Calomel mercurous chloride, see Mercury compounds. 
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Calomelol, colloidal calomel containing 75 % HgaClg and 25 % albumen salt. 

Calorimetry, cf. Fuels. The calorimeter is used for measuring accurately the 
calorific power of fuels. By burning a sample with oxygen in a closed vessel 
and determining the rise of temperature of the water surrounding the vessel, 
the heat developed can be calculated. 

Different kinds are used, of which the bomb calorimeter deserves special 
mention. 

Campeachy wood, see vegetable colours. 

Camphene see Terpenes. 

Camphor. The stearoptene (solidifying constituent) of the ethereal oil of 
the camphor tree, Laurua camphora, a native of China and Japan. It is ob- 
tained by boiling the chips in water until the camphor floats to the surface. 
This layer after cooling, separates as a solid mass. Another method is to distil 
the material with H 2 O. It is refined by subliming the crude camphor after 
mixing it with carbon and quicklime. 

Although the investigation of the constitution of camphor is one of the 
oldest problems of organic chemistry yet special attention has been aroused 
in this subject during the last few years. It is ascertaind that beyond doubt 
it is a cyclic terpene ketone of the composition CjoHigO. Bredt claims for it 
the following formula. 


CH3 



\ 

V 

It stands in near relationship to Borneol, q. v., as borneol is oxidized to 
camphor by hypochlorous acid, while on the contrary, camphor passes into 
borneol on being reduced. 

As quite a number of terpenes can be changed into camphor or its deri- 
vatives by oxidizing agents, many experiments nave been carried out with the 
object of obtaining artificial camphor. The following method protected by 
the Germ. Pat. 134553 therefore caused considerable interest. Anhydrous 
turpentine is heated for some time with anhydrous oxalic acid at a tempe- 
rature of 120—1300. This forms a mixture which contains camphor, pinyl 
formate and pinyl oxalate. The mixture is washed with water and the formate 
and oxalate are saponified, whereby the above-named compounds separate 
into borneol and camphor. The mixture can be distilled and the borneol 
oxidized with KgCrgO^ -f H 2 SO 4 to camphor. 

It would be a great mistake to suppose that this is the only process of ob- 
camphor by artificial means. ^ <• 

All these methods and experiments have one point in common, viz: that 
^cy start from turpentine oil or the pinene contained in it; pinene is a terpene, 
which differs from camphor only in containing one 0 atom less In 
the known methods for the production of artificial camphor the pmene 
IS first chanced into borneol CjoH,, . OH or rather into the isomeric isobomeol 
the latter tnen being oxidized to camphor. 

Bliiohor. d 
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The conversion of the pinene into bomeol is carried out according to the 
method alluded to above by means of oxalic acid; according to other methods, 
however, by means of HCl. The following may be mentioned among the 
more recent methods. The French Pat. 339504 runs thus: turpentine and 
salicylic acid are heated with or without acetic anhydride. The uncombined 
salicylic acid is then removed by cold caustic soda solution and the un- 
combined oil removed by steam distillation whereupon the isobomyl ester 
is transformed by heating with soda solution into bomeol and isobomeol. 
The Amer. Pat. 779377 apparently treats of the same process. 

According to French Pat. 349896 the pinene is converted into the hydro- 
chloride and the latter is then heated under pressure with acetate of lead 
in acetic acid solution. Camphene is thus formed which is easily oxidized 
to camphor by means of permanganate. 

f;: The French Pat. 349862 is as follows. Pinene hydrochloride is first produced 
and this is then converted by means of a formate into bomyl formyl ester, 
which on saponification jdelds bomeol. 

The Eng. Pat. 14189(1904) treats of the purification of pinene hydro chloride 
as a preparatory step in the preparation of camphor. It recommends heating 
the crude product with a saponifying agent and after separation, washing, 
and freeing from oily impurities by concentrated H 2 SO 4 , distilling in steam 
The oily impurities are converted into rosin. 

The second phase of the preparation of artificial camphor consists of the 
oxidation of the isobomeol to camphor. 

According to Germ. Pat. 157590 and 161306 it is better not to treat the 
bomeol or isobomeol with oxidizing agents, since in this way a residue is 
left, but to dissolve the bomeol in benzene or petroleum ether and then to 
act upon it with aqueous alkaline permanganate solution (according to the 
former patent) or then to perform the oxidation by leading ozone into the 
solution (according to the second patent). 

The French Pat. 352888 treats of the oxidation of the isobomeol, dissolved 
in benzene, by clilorine water, orlby^the action of chlorine on the dry 
substance. 

Germ. Pat. 158717 recommends the^oxidation without previous saponi- 
fication of the isobomyl ester resulting from the treatment of pinene with 
acids. For this purpose, chromic acid, permanganate, nitric acid or other 
oxidizing agents are employed, an acid not oxidized by these being also added 
e. g. acetic acid. 

Germ. Pat. 161253 and the additional pat. 166722 protect a method in 
which the bomeol or isobomeol is oxidized by oxygen or air. Part of the 
original compound is converted into camphor which is obtained pure by 
sublimation. 

The synthetic methods for the preparation of camphor may be here sum- 
marized (from an account by A. Hempel in Chem.-Ztg. 1907 p. 6 et seq. 
Four main groups are recognized. 

1 . By the action of acids on oil of turpentine. Germ. Pat. 134553. French. 
Pat. 339504. 

2. By the action of acetates on pinene hydrochloride. French. Pat. 349896 
and 349862. 

3. By the action of magnesium on pinene hydrochloride. According to 
Germ. Pat. 34107 and 34167 A. Hesse employs Grignard’s reaction for the 
direct preparation of camphor. 

4. By the conversion of pinene hydrochloride into camphene, reduction 
of this to isobomeol and oxidation of the latter to camphor. 

Germ. Pat. 67266, 149791, 153924, 164107 &c. Camphor is a white 
crystalline substance with an oily lustre. It is tough, but at the same time 
readily cmmbles. It has a peculiar odour and a burning taste. Almost 
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insoluble in HjO, but readily in alcohol, ether, chloroform, oils &c. M. P. 
1750 , B. P. 2040 S. G. in compact form 0.922 (10®), 0.995 (16®). It is 
most easily powdered after moistening with alcohol. 

It is employed in medicine, as a preventive against moths, in the manu- 
facture of night-lights and fire works, and in large quantities for making 
celluloid (q. v.). 

Allied to true camphor is bomeol, known as Borneo or Sumatra camphor. 

Camphor, Oil of. Is a by-product in the preparation of camphor, and is 
chiefly prepared in Japan. According to Schimmel’s Report it comes into 
the market in three forms, viz. as crude, white or red oU. 

The crude oil is prepared by the distillation of the camphor chips with 
steam. The small particles of camphor are mechanically removed and the 
liquid left is a strongly smelling oil, transparent, of a brownish to yellowish 
colour, and a S. G. 0.95 to 0.99^5. From this crude oil, after removal of the 
camphor the white oil is obtained by fractional distillation. It is a colourless 
very mobile oil with a strong smell of camphor. By continued distillation 
the red oil is obtained as the fraction coming over below 200®. It contains 
safrol, eugenol and traces of camphor. 

Recently modifications have been introduced in the manufacture of this 
substance, and the following kinds are now recognised. White or light camphor 
oil (S. G. up to 0.890). Dark or heavy oil (S. G. from 0.900 to 1.00) and blue 
viscid oil (S. G. 0.95 to 0.96). 

The last-named is used in porcelain painting and can be employed as a 
substitute for oil of cloves. 

Camphoric acid. Obtained by the action of nitric acid on fused camphor. 
It forms colourless, odourless plates, M. P. 186® to 187®. It is a dibasic acid 
and forms salts known as camphorates. 

It is used medicinally, externally for boils and inflammatory troubles, 
and internally in the night sweats of phthisis. 

Camphor naphthol. A product of the condensation of camphor and /9- 
naphthol which is said to be of value in medicine. Its use has, however, of 
late been strongly condemned on account of its strong toxic properties. 

Canada balsam (Balsamum canadensb). A balsam obtained from Abies 
baUamica. A horizontal cut is made in the bark in early spring and a piece 
is taken out. The balsam flows out and is collected in “vessels placed under 
the cut. It is purified by filtration. 

The balsam is clear and transparent, at first colourless and later pale yellow 
and of the consistency of honey. When left undisturbed it slowly solidifies. 
S. G. 0.985 to 0.999 at 16®. Refractive index 1.528. Completely soluble 
in ether, benzene, chloroform and carbon disulphide. It is used for cementing 
optical lenses, for mounting microscopic preparations &c. 

Candles. These are now but rarely made of tallow. They are chiefly manufac- 
tured from beeswax, vegetable wax, stearine, stearic acid, paraffin or s^rmaceti. 
According to Germ. Pat. 136917 the acid derivatives of aromatic oases can 
be used either alone or mixed with the fats and higher fatty acids, as by this 
means^ the M. P. is raised. The anilide of stearic acid can thus be employ^. 
The wide spread error, that the whiter the candles are the better is the quality 
of composition candles, has given rise to the use of substitutes bemg worked 
np with the paraffin cheaper than stearine which lessens the transparency, 
l^or instance the Germ. Pat. 167402 describes a method of partially sub- 
stituting some paraffin oil for stearine, while the Swedish Pat. 18673 (1903) 
mentions paranin oil and ketones as substitutes. 


9 * 
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.The wick of a candle is made of cotton and is either twisted or plaited. 
There are also wicks made of asbestos and of linen. To increase the burning 
power of the wicks (if plaited), they can be impregnated with KNO3 or KCIO3. 
This kind can also be treated with weak H2SO4 or they can be saturated with 
substances which by melting together with the ash of the wick ash cause the 
ashes to fall, thus securing the even burning of the candle. Substances for 
weighting the wick in this fashion are borax, boric acid, ammonium phosphate, 
and ammonium sulphate. 

According to the Germ. Pat. 168928 the wick is impregnated, at the end 
projecting from the body of the candle, with a solution of celluloid in acetone 
to facilitate the lighting. 

The candles are shaped by drawing, pouring into moulds or pressing. 
Stcarine, paraffin, and spermaceti candles are always formed by pouring 
into moulds. 

The drawing process is as follows. 16 to 18 wicks are fastend to a wooden 
spit (wick spit). This is dipped into the melted composition and then drawn 
out again and allowed to cool. The operation being repeated 4 or 5 times 
till the desired thickness is obtained. 

The moulding of candles is however the general method and is done in 
special moulding machines. The moulds are in groups of 100 — 200 and are 
made of a tin-lead alloy. 

The best candles are those made of paraffin (see Paraffin) with 1 — 2 % 
stearic acid. The paraffin is heated to 70 — 80®, the moulding machine is warmed 
by steam and the filled forms are then immediately dipped into water to 
cool. Of late it has become usual to add a small quantity of alcohol to the 
mass when ready to be poured into the moulds. This ensures a good, crystalline, 
snow-white candle which is so very similar to the stearine candles that they 
find a very ready market. 

The candles made of stearine (see Stearine), are poured into moulds 
in the same way only the work must be carried out at as low a temperature 
as possible, that is but little over the solidifying temperature of the material. 
The composition candles so much in use are made with a soft core and a hard 
outer covering of stearine. They consist of a mixture of paraffin and stearine. 

Of late a new article “hard spirit” wax candles has come into use. These 
give a whiter light than the stearine candles. The light is said to be more 
powerful and the economy of material greater than that of stearine candles 
while the price is less. When the candles are taken from the moulds they are 
trimmed and polished. All candles without exception which are coloured 
are dyed with organic pigments as mineral dyes would stop up the wick and 
affect the burning power of the candle. 

Cannabinol. The active constituent of Indian Hemp. Pale yellow thick 
fluid, soluble in alcohol and ether, oxidizes in the air. B. P. 215® (under a 
pressure of 5 mm). 

Caoutchouc (India rubber) is a productof the milky juicesof various tropical 
trees, belonging to the family of the Apocynaceae, also to the Moraobab and 
the Euphorbiaoeae. The juices are obtained by boring holes in the bark 
and fixing a nest shaped cup under the hole so that the liquid trickles into it. 
Several methods are made use of for obtaining the crude caoutchouc from the 
milky juice. Inferior kinds are obtained by leading the juice from the tree 
directly into trenches, where it is left to dry; or by inducing it to coagulate 
by aading acids, plant juices &c., and then pressing and drying. A 
better quality is obtained by diluting the juice with HgO, letting it stand, 
and then skimming off the thick cream which rises to the top, and after 
washing this with H2O drying it in the sun or in smoke. The best and most 
valuable kind, Para rubber, is obtained by laying the juice in a mould (clay 
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bottles, spheres &c.) in a thin layer and letting it dry in hot smoke, then 
placing a second layer and repeating the process again and again. In this 
way sometimes as many as 100 layers are formed one over the other, each 
layer being less than 0,5 mm thick. The layers are white to dark-grey and 
are divided by black lines from each other. The “Para seconds" consists of 
much thicker layers. 

The raw rubber contains, besides the real caoutchouc varying amounts 
of organic impurities, which are called caoutchouc resins. The nature of these 
substances is at present not yet clearly defined. They differ however 
from the rubber proper in that they are soluble in alcohol and in acetone. 
Raw rubber contains other impurities such as water, sand, stones, clay, leaves, 
bark, &;c. 

The purification of the crude caoutchouc is carried out with the object of 
removing any moisture and the inorganic and organic impurities; the resins 
arc left in the product. 

The purification of caoutchouc is carried out in the same way as that 
of Gutta pkrcha (see this article). It is softened in water, cut with 
a circular or Dutch knife and then treated with cold water to remove the 
mineral and vegetable impurities. After this it is put several times through 
a rolling or kneading machine, and finally dried at a temperature of 40—50® 
to remove the last traces of water. The pure substance thus obtained, which 
varies from black to brown according to its origin, is “thickened" in a mixing 
roller machine, the so called “masticator". In this way all pores are removed. 
The necessary mixtures are added in the mixing machine, before it is worked 
up into the different kinds. 

Caoutchouc has only become of value since a method was invented for 
vulcanizing' it. This process consists in treating the caoutchouc with sulphur 
at a fairly high temperature. The resulting product is one in which the 
elasticity is less influenced by temperature and which is much more resistant 
towards chemicals than the original substance. 

The process of vulcanizing is carried out by mixing the rubber in the roller 
mill with sulphur, till thoroughly kneaded together. The substance is then 
heated in vulcanizing ovens, or better still in steam apparatus, to a temperature 
of 110 — 140®. There are several other methods for vulcanising in which 
instead of sulphur various compounds of sulphur are employed. Of these 
methods Parke’s, in which chloride of sulphur is used, is the most important, 
(see the article Chlorine compounds). With a solution of this substance, 
chloride of sulphur in carbon disulphide the vulcanization takes place by 
simply dipping the rubber into it, without raising the temperature. If the 
articles are thick they must be dipped several times. 

Py vulcanizing the caoutchouc longer than usual with up to 75 % of sulphur 
or metallic sulphides with an addition of gypsum, chalk or other filling and 
colouring materials, the well known materials Ebonite and Vulcanite, 
are obtained. Ebonite can however be obtained with a smaller amount of 
sulphur, but in this case the vulcanization takes a longer time. The English 
Pat. 7795 of 1904 is not very clear and also sounds (juestionable. It asserts 
that ebonite articles can be made from a substance produced by heating 
crude milled rubber, with or without sulphur, to 150 — 200® under 500 atm. 
pressure, and adding to the product resulting from this operation mica, 
asbestos, carbon, tar, or melted resin. 

Kubber is grey, brown or black, according to the method of production. 
It dissolves readily in carbon disulphide and some other fluids, but is insoluble 
in HjO. When cold it is hard, at ordinary temperature it is very elastic and 
when heated it becomes sticky and of the consistency of tar. Vulcanized 
caoutchouc is insoluble in almost all known solvents, is scarcely attacked by 
chemical agents and to a certain degree remains almost uninfluenced by 
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variations of temperature. Caoutchouc is coloured white with zinc white, 
red, with sulphide of antimony, &c. 

Compare also the article Caoutchouc substitutes. Weber, (London) has 
proposed “Polyprene'* as a chemical name for caoutchouc, founding 
the name upon the supposition that all members of this group are isomers 
of isoprene. The empirical formula for caoutchouc is CjoHu and its mole- 
cular weight is a multiple of that of the terpenes. 

The methods for the recovery of caoutchouc (the working up of old stuff 
into new articles) become more important every day. Until lately, only the 
two following methods were used. 1. The caoutchouc was finely ground, 
sifted to separate the coarser pieces, then steamed under about 6 atm. pressure 
and finally rolled into sheets. 2. The old rubber was tom up in pieces of 
about 1 sq. cm section by placing between ribbed rollers, after wnich the 
whole was boiled, with dilute H 2 SO 4 to destroy the fabric, filtered, rinsed 
in water containing soda and dried. After this the material was again finely 
ground then steamed as in method 1 . and finally either rolled into sheets or 
brought into the market in the powdered state. The most important operation 
in both methods seems to be the steaming, whereby the article is de-vulcanized 
by the oxidation of the S to H 2 SO 4 , which again in its turn becomes neu- 
tralized by the alkali added. The result of either method however is to give 
an inferior caoutchouc which is in not quite free from sulphur. A great number 
of new methods have been proposed for de vulcanizing caoutchouc. Most of 
them make use of caustic alkaline solutions, lime &c. According to the English 
Pat. 4803 of 1901 old vulcanized caoutchouc is kneaded together till it is as 
thin as possible, and then boiled for some time in water with finely powdered 
and strongly heated lime or cement. The result being that the lime forms 
with the extracted sulphur a soluble acid sulphate. After being boiled, the 
caoutchouc is washed and rolled, and can then be again vulcanised. According 
to the Swedish Pat. 14138 (1900) the India rubber articles should be cut into 
small pieces and treated with warmed naphthalene or some other solid hydro- 
carbon or their derivatives. When the mixture is sufficiently cool, alkaline 
alcohol, or some other suitable alkaline solvent, is allowed to act upon it 
until the pure caoutchouc remains behind. The Germ. Pat. 154542 employs 
as solvent, commercial carbolic acid, with which the vulcanized rubber is 
boiled in vacuo. According to the Germ. Pat. 135054 the India rubber frag- 
ments are spread out in thin layers and allowed to lie for a long time in a 
vacuum, whereby the greater part of the sulphur is volatilized. The Danish 
Pat. 6648 (1903) aims at effecting the recovery by treatment with powdered 
carbide, in the presence of steam, damp air or water. This is carried out 
more readily under pressure. Theilgaard’s process, Swedish Pat. 18979 of 
1904, seems to differ from the other methods given, in that the free sulphur 
of the vulcanised refuse is extracted by a neutral sulphite solution. 

These examples will be sufficient here; it may be added however, that 
the most varied and unsuitable substances and methods have been both 
proposed and patented for de*vulcanizing rubber. It must be emphasised 
that all the methods which depend on the effect of solvents or steam, do not 
treat of the actual de-vulcanization, but principally aim at restoring the har- 
dened caoutchouc to the state of a plastic mass. This mass can be further 
vulcanised, for soft rubber is not a saturated product. By increased saturation 
with S the rubber indeed gains in resistance to chemical action, which explains 
the fact that articles made of regenerated rubber are more durable than 
those made from the natural product. 

Caoutchouc substitutes. There are two kinds of caoutchouc substitutes, 
namely the white and the brown or black variety. The white substitute is 
obtained by the action of chloride of sulphur on fatty oils, particularly on 



Caramel. 


135 


rape seed oil in the form of a light yellow to pure white elastic substance 
of loose crumbly consistency. The process in the formation of this product 
is similar to that of the vulcanization of caoutchouc with chloride of sulphur, 
that is, addition products of the fatty oils with chloride of sulphur are 
formed, which contain 6 — 8 % of S and a similar quantity of Cl. They are 
almost insoluble in alcohol and other organic solvents, but become saponified 
by alcoholic caustic alkali with separation of the Cl. 

The brown or black varieties are obtained by treating fatty oils with sulphur 
at a high temperature. Thus they correspond to caoutchouc vulcanised with 
sulphur, and contain no chlorine. A better product is obtained if drying 
oils are used, which are oxidized before treatment with sulphur, by warming 
in the air. Rape seed oil for instance, is kept boiling by means of steam for 
two hours, cooled and oxidized by blowing air through it for 36 hours, then 
treated with 2 % sulphur and kept at 140® for two hours. 1 percent of sulphur 
is then added and it is again heated to 150® till it begins to “rise”. The brown 
substitute comes into the market as elastic sheets, in pieces, or as ground 
powder of a yellowish-brown or red-brown colour. The content of sulphur 
varies between 4 and 20 percent. These substitutes arc almost insoluble 
in organic solvents, but they dissolve in alcoholic alkali with formation of 
salts of the sulphuretted fatty acids. Caoutchouc substitutes are artificially 
made by various other methods, for instance by the electrolytic oxidation of 
acidified cod liver oil (Germ. Pat. 125314). Further there exists, according to the 
Amer. Pat. 685038, a method for the production of a caoutchouc -like substance, 
by pressing the stems of Ciieysothamnus or Beoelovia and then treating 
the expressed juice with CSj in a closed vessel at a temperature of 40® C. 
The fluid is then drawn off, and the volatile part distilled off, when the gum 
remains behind. After washing it forms an elastic, flexible caoutchouc -like 
substance. One of the newest methods, that given in the Germ. Pat. 160120, 
appears rather difficult to carry out. The instructions are to take a solution 
of amber-collodion in castor oil and to heat it with sulphur to 180®. After 
cooling, ozone is led in until the whole has become tough, and finally, in 
presence of benzene and calcium carbonate, chloride of sulphur is allowed 
to act upon it, the whole being strongly cooled. 

Many attempts have been made to prepare rubber-like substances from 
glue and similar materials e. g. French Pat. 364075 and 369719. The product 
prepared according to the latter patent is sold under the name of Zakin rubber. 
It has only a slight resemblance to rubber and is not proof against the action 
of water. The method is as follows. Adhesive substances are dissolved in 
water with the addition of “filling” materials and hygroscopic bodies such as 
glycerine CaCl 2 , MgClj, &c. To this solution is added a mixture or solution 
of colouring matters in paraffin oil, mineral oil, fats, &c. Chromates or other 
oxidizing agents are added in order to convert the whole into a hard mass. 

The use of rubber substitutes has recently greatly declined on account 
of the introduction of various processes for de-vulcanizing old rubber (see 

Caoutchouc). 

Por a long time Harries has been engaged in tr 3 dng to prepare S 3 nithetic 
libber, but no definite results are yet to hand. Weber, too, at the time of 
his death, seemed to be on the point'of succeeding in a similar attempt. 

Caramel (Burnt sugar) is made from glucose or starch synip melted in 
iron vessels with constant stirring. Soda or quick lime (1 — 3 %) is often added. 
The higher the temperature while burning the better the product dissolves 
^ spirits of wine, but the temperature must on no account exceed 200®. After 
the melting process is finished 50 % of hot water is added before filtering 
through charcoal. After cooling, the colouring matter, the caramel, 
forms a brown tough syrupy mass which on being dissolved in H 2 O or alcohol 
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becomes of a deep yellow brown colour, on account of which it is much used for 
colouring liqueurs vinegar spirits, beer, &c. 

The so called „Coffbb essence’* is nothing more than caramel. Compare 
Coffee essence. 

Caramel : 

E. S. Spencer Ld., Drummond works, Drummond Road, London S.E. 

Carbides, Metallic carbides. The compounds of metals with carbon are 
usually classed with the alloys on account of the extremely varied proportions 
in which the constituents are combined. Most of the carbides are formed only 
at a very high temperature. The temperature of the electric arc is usually 
necessary and the operation is therefore carried out in electric furnaces. 

1. Barium carbide BaCg. According to the Germ. Pat. 117920, BaS 04 
is first reduced at a red heat with excess of coke to BaS, this is then powdered 
and melted, and mixed with iron filings in an electric furnace. The formation 
of the carbide is considerably facilitated by the addition of metallic iron which 
combines with the sulphur to form ferrous sulphide. The BaCa is decompoesd 
with water for the preparation of acetylene and crystallized barium hydrate. 

The decomposition takes place in accordance with the following equation: - 

BaC^ + 2 H^O = C 2 H 2 + Ba(OH)2. 

2. Boron carbide B^C, obtained from boron compounds and carbon in 
electric furnaces. It is best obtained from free B and C in presence of Cu. 
The Cu is dissolved from the fused mass with HNO3 whereupon the B^C 
remains as shining black crystals, which possess a great degree of hardness, 
greater than that of carborundum. This extraordinary degree of hardness 
may make boron carbide an article of considerable practical importance. 
Germ. Pat. 152501 describes a method for making this carbide by strongly 
heating quartz with coke, clay, calcium borate, boric acid and common salt. 

Other carbides exist but are as yet of no commercial importance. 

3. Calcium carbide, usually caUed simply Carbide, CaCg; is obtained from 
dried, powdered coke or charcoal, by heating with quick-lime in electric 
furnaces of special construction. These are the so-called Carbide furnaces. 
It is of importance not only that the ingredients should be in the right 
proportion but also that they should be thoroughly well mixed. 

In furnaces for intermittent work the reaction is carried out in a carbon 
crucible connected with a conductor which forms one electrode. 

The other electrode is a carbon rod which is adjustable and projects into 
the crucible. The carbide furnaces for continuous production are much more 
economical. In these the fluid carbide is drawn off from below while the lime 
and coke are supplied from above. Since the temperature, not the electricity, 
is the effective factor in the formation of carbide, either constant or alternating 
currents can be used. It is not necessary to go into the details of the American 
Pat. 765838, or the French Pat. 332416. Both of these treat of the manufac- 
ture of carbides. 

Calcium carbide is a hard, black or brown crystalline substance, which is 
insoluble in any solvent, but decomposes with HgO in the cold with formation 
of acetylene. Compare Acetylene. Besides being employed for producing 
this gas, CaCg has of late been used as a reducing agent for metallic oxides, 
salts and ores. The chlorides are especially adapted for reduction in this 
manner. To the chlorides is added the oxide of the same or a similar metal 
to combine with the C. The reaction taking place in the case of Cu corresponds 
to the following equation 

4 CuO -f Cua^ -f CaCa = 5 Cu -f CaClg + 2 CO 2 . 

NaCl or the easily fusible mixture of KCl and NaCl serves as a flux. The 
chlorides must be absolutily free from water to prevent the decomposition 
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M fhe carbides in the cold. It is very easy to prepare Cu, P'’;, 

?i • mpthod The Frank process of obtaining nitrogen from the air seems to 
of great' importance in the carbide industry. Compare the artieles on 
Calcium compounds and Calcium cyanamidb. 

Calcium carbonate: 

WosenfoW. Dioko * Cio.. Barmen-R., Germany. 

4. Silicon carbide see Carborundum. 

Carbodynamite, see Dynamite. , ^ ti a 

rnrhohvdrates Organic compounds of the general formula CmH^nOn. 
mu H nod 0 are Drbsent in the proportion in which they occur in water. 
?he MWng gZpTorcarbohydrLrare reeogniy.ed M ono saccharides 

»nd s™.., Th. 

«.- .»», i™ •»*.. 

aStarch, Glucose, Sugar and Sugar manufacture. 

Carbolchalk, see Disinfectants. 

Carbolic acid, see Phenol. 

1.12; M. P. 295°. This substance usually contains aiso a 

“preparations which are not treated «W°nno 

less suitable tar oils are sold under the name of Carbolineum. 

Carbolineum : 

C. A. I’eters Ld,, Derby, London, Liverpool. 

Carbolysin. Pastilles of arc sold under thus narae^ 

Analysis shows that they contain 51.8 % phenol, 4. H /o 3 , 

cream of tartar. . 

Carbon. C. atomic weight = 12.00. /h^amoTphous state 

the crystalline state as 95 1/ C) coal (to 90 ^ 0 C ), and 

- more or is obtW by heating 

as brown coal, lignite (to 70 % O)- Anmrpuuuo o-finlp on Diamonds, 

organic bodies uT air-tight chambers. Compare also the article on iliAM 

Artificial; Graphite; Coals; Coal dust, booT. 

Electric Carbon; 

Werner Pfleiderer & Perkins Ld., Peterboiough. --irirr 

Carbon dioxide. CO, This acid is of ten obtained 
CO 2 of springs. In other cases it is either v, x MgCO, (magnesite) 

Of the carbSiates CaCO, (lime stone, marble, chalk) and \ ^ , ,,ith 

are used, the former bei^g decomposed Jety "are covered 

dilute H 3 SO, in specially adapted vessels. Th^e sate^ ve 
with lead plates, or are made of stone. CO, FeSO. and 

The gas is purified with HjO and wMhed aol" jf([unng the burning, 
KMnO,. Impure CO, is prepar^ by bummg ^*m®' 'rni. . materials for pro- 
H,0 is introduced a red heat is all that is neces y. rarely anthracite 

ducing CO, from carbon must be pure Gas-coke, or more ra^^ ^ 

and wood-charcoal are used. The carbon is put in special oveu . 
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CO 2 though on account of the atmospheric N, the resulting gas contains 
only 16 — 17 % COg. The COg is forced into a cold solution of Na-COg or KgCOg, 
whereby the carbonates are converted into bicarbonates while the other 
gases escape. The solution of bicarbonate is then pumped into a vessel where 
the bicarbonate is decomposed by heating to 100 ®, and the pure COg is 
collected. According to a new method, now much employed, coke is burnt 
under steam boilers and the gases are conducted into the scrubbers (see 
Gas illuminating) through which flows a solution of caustic alkali. By this 
means the CO 2 is scparatSl from the other gases which meet the current of 
liquid. The gases are absorbed by the solution and the CO^ is forced back 
into the above mentioned vessel in which it is heated with regeneration 
of the COg. 

According to the Germ. Pat. 132623 and 135552 pure COg and sodium 
sulphite are obtained from NagCOg by decomposing the NagCOg with a solution 
of sodium bisulphite, produced by saturating with the SOg-gas from pyrites 
ovens the neutral sulphite solution obtained as a by-product in this process. 
A portion of the neutral or acid sodium sulphites can be used for other purposes. 
The Germ. Pat. 138386 describes a method for the continuous production of 
pure COg from carbonates of the alkaline earths. The carbonates are placed 
in air-tight vessels and the necessary heat is supplied by the circulation of 
pure COg, or a mixture of COg and steam free from air. These gases which 
serve as the heating agent are heated in a system of closed tubes which prevents 
their contamination by the fire gases. The tubes are connected on both sides 
with an oven filled with carbonates. The gases to be heated are repeatedly 
passed from these ovens, after separation of the COg from the carbonate, 
and again led back so that the cycle is continuous. 

According to the English Pat. 14112 (1903) poor phosphates containing 
CaCOg are first heated to a red heat to destroy the organic matter, and then 
dissolved in various mineral acids. The COg is thus obtained and dicalcium 
phosphate is separated from the filtered liquid by precipitation. The Ca is 
then precipitated with H 2 SO 4 (as CaS 04 ) and the filtrate from this, containing 
mineral acids, serves for the treatment of fresh phosphates. 

According to the Amer. Pat. 774092 coal is calcined in a closed space and 
the heat of combustion is employed to heat a solution of an alkali bicarbonate 
and so to expel pure COg. 

The crude COg from the coal is washed with HgO and then conducted into 
a solution of an alkali carbonate until the latter is converted into bicarbonate. 
When this occurs and when the solution obtained by the heat of combustion 
of the coal is converted into normal carbonate, the current of acid gases is 
diverted so that the process is continuous. 

For transport the COg is liquefied by the use of suitable compressors at 
60 — 60 atm. and then compressed farther during cooling. 

According to a patented process, liquid COg can be made directly from the 
gases obtained during the combustion of coal. The liquid carbonic acid is 
transported either in wrought iron or (usually) in seamiest steel cylinders. 
The Germ. Pat. 157403 deals with the storage and transport of COg in a 
solid form. This does away with the necessity for steel vessels as only air- 
tight receptacles, which are cooled to below — 79® are needed. The cooling is 
carried out by surrounding the receptacle with a suitable cooling -mixture 
(e. g. ether and liquid COg). The escaping gases are drawn off into a compressor 
and after condensation are forced back again into the cooling chamber. 

COg is a colourless gas with a shaiy taste and smell S. G. 1.524 (at 0®). The 
critical temperature is + 30.9® at which temperature the COg can be liquefied 
under a. pressure of 73.6 atm. At 0® it is liquified by a pressure of 36 atm- 
Liquid COg is a colourless mobile fluid S. G. 0.947 (at 0®),- 
Its boiling point is — 78.2®, By evaporating liquid COg it can be 
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obtained in the form of a snow-like substance. COg-gas is incombustible 
and will not support combustion; it causes asphyxia. 

1 vol. H2O dissolves at 0® 1.7967 vol. of CO2. It is used in the sugar industry. 
It is also used for making bicarbonates and carbonate of lead. Further it 
is employed in the ammonia-soda process. Liquid COg is used in the manufac- 
ture of mineral waters, effervescent lemonades, &c. and for carbonating beer. 
Carbonic acid is employed in many other ways and has lately been introduced 
for the purposeof hardening cast steel. It is also employed for fire-extinguishing 
purposes. 

Carbonic acid. Machines, Developers, Apparatns for Determination: 

Willy Manger, Dresden, Germany. 

Carbon disulphide, 082- By far the greatest quantity of this substance 
is still made by the old process, i. e. by passing sulphur vapour over coke 
heated to a dull red heat. It is usually made by heating carbon (as a rule 
charcoal) in cylindrical vertical retorts of cast iron and gradually introducing 
the S through a porcelain tube. The tube reaches almost to the bottom of 
the retort. The S melts, is vaporized and combines with the glowing carbon, 
in accordance with the equation, 0-^82 = CS2. The volatile C82 mixed with 
sulphur vapour is condensed in suitable cooling apparatus and purified by 
distillation. Impurities, such as the HjS originating from the H present in the 
charcoal are removed by washing the CS® with limewater before distillation. 
In the distillation vessel the CS2 is mixed with a colourless fatty oil, a little 
HjO is added and a small amount of lead acetate solution. It is then distilled 
from a water bath. 

CS2 can also be obtained at a red heat from pyrites FeSg, from antimony 
sulphide or zinc blende by heating with C. 2 FeSg -f C — 2 FeS + CS2. 
Also by leading SO2 over red hot carbon. In practice, these processes are, 
however very seldom carried out. On the other hand the manufacture of CS2 
in electric furnaces is rapidly becoming important. Taylor’s process, 
Amer. Pat. 688364 and Taylor’s furnaces have quite changed the method of 
manufacture of C80 in America. The furnace consists principally of two 
upright concentric orickwork cylinders, containing carbon, while the inter- 
stices are filled with sulphur. In the lower part are two carbon electrodes, 
each having a surface of 20 square inches, which heat and decompose the mix- 
ture as it falls. The sulphur vapours combine with the red hot carbon. The 
wear of the carbon electrodes is said to be small. The Germ. Pat. 150826 and 
150980 which deal with Taylor’s process, say that the sulphur and the 
carbon are introduced into the furnace continuously and in small amount^ 
At the same time they are so separated, that the liquid non-conducting 8 
touches the electrodes, and on rising more or less surrounds them and thereby 
regulates the arc. As soon as the 8 aproaches the hot zone, the fluid mass 
rises to the surface in the form of vapour. The vapours pass through the carbon 
lying above and combine with this to form CS2. The CS2 vapours 
are led away and condensed. The English Pat. 13466 (1903) describes a 
method for obtaining CS2 from coal gas, heating gas, &c. by washing the 
gases with an oil which swims on the surface of the liquid obtained by 
dry distillation of waste Uquors. This oil, which can be dried by suitable 
means, absorbs large quantities of CSg. The oil can be purified for repeated 
use by heating with or without the simultaneous introduction of steam. 

Crude or imperfectly purified CS2 is a pale yeUow, extremely unpleasant 
smelling liquid. S. G. 1.293. La a pure state however it forms a mobile strongly 

refra<;ting liquid, clear like water with a strong smell resembli^ that ot 
chloroform. S. G. 1.2684 B. P. 46.5°. It evaporates at the ordinary tem- 
perature, is inflammable and bums with a blue flame. When miiced with 
mr the vapours are very explosive. It dissolves to an extent of less than 1 
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in HgO, can be mixed in all proportions with alcohol, ether, chloroform, 
benzene, &c., and is an excellent solvent for fats, oils, resins, waxes, camphor, 
tar, caoutchouc, gutta percha, iodine, phosphorus and sulphur. 

It serves for the extraction of vegetables and of bones, for removing fat from 
animal and vegetable fibres, for vulcanising caoutchouc, for the purification of 
tallow, stearine, paraffin and wax for filling hollow prisms, for the manufacture 
of Carbon tetrachloride (q. v.), and for many other purposes. It is an 
excellent remedy for diseases of the vine, and is very effective in destroying 
the vine louse. For the last named purpose it is often used in the form of 
potassium xanthate CS(OC2H5)SK. This substance is formed by the treat- 
ment of an alcoholic solution of KOH with CSg. 

Carbon monoxide CO. Colourless gas which in the pure state is odourless. 
S. G. 0.9674, B. P. — 190°, M. P. — 207°. It dissolves slightly in HgO, burns 
with a blue flame, and when mixed with 0 is violently explosive. It is an 
extremely poisonous gas and forms the harmful part of choke-damp. For 
tests for the presence of carbonic oxide see Gas analysis. It is artificially 
obtained, in the form of a mixture of CO and H for heating and indirectly for 
lighting, by passing steam over red hot coke. According to Eng. Pat. 3347 
(1903) a mixture of lime stone and coke is heated in a lime kiln. The gases 
evolved rich in COg, are passed over glowing coke when CO is formed. After 
cooling, the coke is again brought to white heat by blowing air trough the 
oven. These operations are repeated alternately. Compare also the articles 
on Producer gas and Water gas. 

Carbon tetrachloride CCI 4 . This substance is obtained from carbon bisulphide 
by passing and CSj vapour through a red hot porcelain tube. A more simple 
process is to pass dry Cl into CSg after a little iodine has been dissolved in 
the latter. The reaction corresponds to the equation CSg -f 6C1 = CCI 4 
-f- S2CI2. It is then distilled: CCI 4 first passes over while the less volatile 
chloride of sulphur remains behind. The CCI4 is purified by fractional distilla- 
tion, washing with alkali and a final distillation. According to Germ. Pat. 
72999 and the Eng. Pat. 19628 carbon disulphide is heated with SgClg with 
the addition of a metallic powder, iron being the best. According to the equa- 
tion CS2 -f 2S2CI2 = CCI4 4- 6S carbon tetrachloride and sulphur are formed, 
so that as a secondary product sulphur is obtained which can be employed 
again for the preparation of carbon disulphide required instead as in the older 
method of chloride of sulphur, which it is impossible to make use of in large 
quantities. The purification of the carbon tetrachloride thus obtained is 
carried out as described above. 

A newer method of procedure Eng. Pat. 25688 (1901) has been given by 
Combes. This method is carried out by the action of chloride of sulphur on 
red hot carbon, best in an atmosphere of chlorine. If the work is carried out 
without chlorine CSg is also formed which as is known can be converted into 
CCI 4 . See above. If a chlorine current be employed for the reaction, chloride 
of sulphur is continuously formed which in turn takes part in the process. 

According to the French. Pat. 327322 Cl and CS- vapours are passed over 
some „contact substance*' which is insoluble in CCI 4 (e. asbestos covered 
with MnClj), or S-Clg, which in this process is formed simultaneously with 
CCI 4 is treated with CS2 vapours in presence of metallic sulphides, e. g. ferrous 
sulphide. 

An improvement in the continuous method for preparing CCI4 is protected 
by the French. Pat. 355423. 

According to Amer. Pat, 737123 CCI4 can also be obtained by heating a 
mixture of 1 part of coke, 4 pts of NaCl and 2 pts of quartz sand. According 
to Amer. Pat. 745637 a substance containing C and siUcon chloride is heated 
in a dry and non-oxidizing atmosphere by electricity to a tempe- 
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rature which is high enough to bring about the combination of the C with the 
Cl, e. g. CSg -f SiCl4 = CCI4 -f SiS*. (By heating the SiSg with C, Si is simul- 
taneously obtained.) A mixture of Si02 and an alkaline chloride forms SiCl4 
on heating: this can be mixed with a carbon compound and again heated. 

According to Amer. Pat. 794789 double the theoretical quantity of sulphur 
chloride is allowed to act upon CSg in presence of aluminium amalgam for 
the purpose of obtaining CCI4. 

The Amer. Pat. 794970 treats of the purification of CCI4. The sulphur 
chloride is removed in the form of a thiocarbonate by adding a soluble sulphide 
of the alkalies or alkaline earths. 

According to French. Pat. 357781 the CCI4 may be separated from the 
SjClg by washing with hot alkalies. The latter compound is thus decomposed. 

It is a heavy colourless liquid which smells like chloroform. S. G. 1.629, 
B. P. 77°. It is an excellent solvent and extracting agent, which is beginning 
to replace chloroform for many purposes. As it is almost impossible to ignite 
it, it is of increasing importance in the dyeing industry, in chemical cleaning 
establishments, and most of all as a substitute for benzine for cleaning woollen 
goods since the latter, still so much in use, is highly inflammable and con 
sequently extremely dangerous. Carbon tetrachloride dissolves in the cold 
a number of hard and soft resins such as for instance benzoin (Siamese), - 
dammar, elemi. mastic &c. When warm the solvent qualities are of course 
increased. The various kinds of shellac, such as button lac, AC granate 
ruby, orange and bleached lac, only dissolve in small quantities in pure carbon 
tetrachloride, while a mixture of 40 pts by weight of this substance with 
30 pts by weight of alcohol dissolve about 25 % of the above materials at 
a moderate temperature. 

Sandarac and Sumatra benzoin which are but slightly soluble in pure 
carbon tetrachloride dissolve readily in a mixture of 90 g of this substance 
and lOg of alcohol, or in 80 g of carbon tetrachloride and 20 g of alcohol; 
copals, on the other hand, only dissolve very slightly either in the pure sub- 
stance or in the mixture with alcohol. Benzinoform has been adopted as 
a registered name for carbon tetrachloride. 

Germ. Pat. 169930 has for its object the making miscible of CCI4 -f HgO. 
With sulphonated oils, e. g. Turkey red oil (and also with the gelatinous 
soap obtained from sulphonated castor oil according to Germ. Pat. 113433) 
it forms a homogeneous mass which is miscible in all proportions with water 
and so can be used for many industrial purposes. 

Carbon tetrachloride: 

Domeior & Co. Ld., 20 Harp Lane, London E.C. 

Carbonates, see under the various metals in question. 

Carbonic acid, see Carbon Dioxide. 

Carbonic. acid Waters see Mineral Waters. 

Carbonite, see Safety explosives. 

Carbonization, see Wool. 

Carborundum. Silicon carbide SiC is formed according to the equation 
-f 3C = SiC -f 2CO. It is made by fusing 100 pts of sand with equal 
of coke or charcoal and a little common salt in an elwtric furnace, 
ihe NaCl has in this case only a mechanical effect. The materials used must 

e as pure as possible and great care must be -taken in the mixing. The pro- 

Rct of the reaction must be broken up after cooling and the shining green 
ca^orundum crystalline fragments sorted out by hand. 

\r are then powdered, treated first with H2SO4 and then with 

aUH. -After this the substance is washed, burnt at red heat and treated 
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with HF. The purified product is again powdered, moistened, separated 
into various degrees of fineness and finally dried. For making polishing wheels, 
the carborundum powder is mixed with some cementing substance which 
sinters on burning. The mass is then moulded by hydraulic pressure and burnt 
in clay crucibles. The articles are of a green colour and are of great value 
for polishing when precision is required, for grinding on account of their 

f reat hardness (9 — ID decrees of hardness) and durability. Of late also SiC 
as been employed for reducm^ metallic oxides, salt sand ores. is carried 
out in the same way as described under Calcium oabbide in the article on 
Carbides. 

Carboys. 

E. Breffit & Co. Ld., Castloford Yorks. 

Cardboard. Pasteboard. This name is applied to sheets of paper substance 
with a thickness of from 0.6 — 5.0 mm. The manufacture of cardboard can be 
carried out in various ways. One method is to pour the paper pulp on to wire 
frames from which the water trickles away. This process however which is the 
same as that for making hand<made paper jdelds a very second-rate quality 
of cardboard as there is only a very loose connection of the fibres. For this 
reason the better sorts are made by the following method, l^ady formed 
leaves of paj^r, quite freshly made and of usual thickness are laid one upon 
another while stm damp and firmly pressed together. This kind of card- 
board is termed couched pasteboard to distinguish it from the hand made. 

The best kind is the carton pasteboard, cardboard proper, which is made 
by pasting finished and dried leaves of paper one over another till the re- 
quisite thickness is acquired. Each of the leaves is cut to fit the under one 
and then pasted over separately. 

Glazed cardboard is made by la 3 dng couch pasteboard filled with china 
cl^ or barium sulphate pasted into thin woven material. 

Roofing pasteboard, tar pasteboard or gravel pasteboard (also called shingle 
pasteboam) is made by mixing stones shingle or gravel or coal tar in the pulp be- 
fore pouring it on to the form. Somtimes also common pasteboard is soaked in tar. 

Carton pierre for Roofing. This product is made either by mixing paper 
pulp with asphalt, coal-tar or brown coal tar, lignite, or by impregnation of 
the common pasteboard sheets with boiling asphalt. See also Cardboard. 

Cardol, see Acajou balsam. 

Carlsbad salts (artificial). Officinal mixture: 45 pts anhydrous sodium 
sulphate, 18 pts sodium chloride, 36 pts sodium bicarbonate. 

Carmine, see Cochineal. 

Camallite, see Abbaum salts. 

Camanba wax, see Waxibs, veobtable. 

Caro’s reagent, see Reagents. 

Carraway oiL Essential oil obtained from the seeds of Carwn carvi S. G. 
0.906 — 0.916. Contains limonene (36— 65®/o) and oarvone (46—^%) 
«IDJ« +76 to 86®. 

Carthamin, see Safflower. 

/CO— CH,v 

Carvone CH, — C^ ^CH — 

ViH — CHj/ 

Is present to the extent of 50 % in oil of caraway and 30 % in oil of dill. 
It is prepared by distilling oil of caraway, dissolving the fraetion ooniing 
over i^ve 20® in alcohol, and precipitating the sidphuretted hydrogen com* 


c/^ 

N3H, 
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pound by means of ILS in presence of NH,. The carvone is recovered 
by distillation with KOH. 

Caseine. Has the w^e peicenta^ of elementary constituent as egg-albumen 
but contain in addition 0.86 % P combined in a salt-like manner. 

Caseine is obtadBod cows’ milk by diluting strongly with Efi and then 
treating with aoetic acid. The solid after being washed is dissolved in very 
dilute WH, or NajOOj, s^arated by filtration from undissolved fat and 
nucleins and repreoipitated with dilute acetic acid. The last traces of the 
milk fat are extracts with alcohol and ether after which the preparation is 
dried in vacuo. 

Many processes have been suggested for the technical preparation of this 
substance, of which some have been patented. They all aim at cheap pro- 
duction. For instance accordin| to Germ. Pat. 136360 the caseine vi first 
precipitated from the skimmed milk with H 1 SO 4 . This acid is cheap, but gives 
a yellowish product. If however the caserne thus obtained is dissolved in 
so^um bicarbonate solution and then reprecipitated with acetic acid, a very 
pure product is obtained. 

The Germ. Pat. 136746 endeavours to obtain a non-fatty caseine without 
the use of ether-alcohol. The milk from which the cream nas been removed 
by the usual centrifugal method, contains at least 0.2 % of fat and yields a 
canine with 6 — 8 % fat. Accozmng to the patent in question, the skimmed 
milk is i^ed with alkali and slkhtly warmed, when the fat is removed by 
centrifuging, and the caseine is then precipitated by acid in the usual way. 

The substance thus obtained is sufficiently free from fat for most purposes. 
The Amer. Pat. 746097 is essentially the same. 

The Germ. Pat. 162380 and 162450 treat of the manufacture of a caseine 
free from water. The caseine is combined with the alkaline salts, of glycerine 
phosphoric acid in which oleic acid is substituted or withalkaluie salts of 
phosphoric acid in which hexite is substituted. The Amer. Pat. 766898 also 
treats of the manufacture of soluble caseine, while the Eng. Pat. 2949 (1903) 
gives a method for obtaining a suitable solvent. 

According to the Amer. Pat. 760048 an oxidized caseine can be obtained 
by submitting caseine to the action of a solution of ammonium persulphate. 

Other processes for the manufacture of caseine and caseine preparations 
need not be here mentioned. 

Caseine is a white loose powder, slightly soluble in H^O more so in hot 
alcohol. A combination of caseine with Na, is soluble in HgO. Caseine is used 
for making colours, (see Casbinb coloues), and porcelain cement. It is also 
sometimes made use of as an article of nourishment. Compare Milk 
i*beparations. 

Germ. Pat, 161842 describes the production of a caserne product containing 
silicio acid which can rralaoe egg albumen for technical purposes such as the 
printing of materials. The process given is as follows. The caseine is trans- 
formed by heating with a culute solution of ammonia into an alkaline albu- 
min^. Potassium or sodium silicate is added and the mixture is decom- 
posed by some suitable acid, such as phosphoric or acetic acid, till the whole, 
wmch at first soidifies again becomes a tto fluid. 

According to Germ. Pat. 184300 the casein is precipitated from milk by 
The is warmed to 60--70® and the gas led in to it in a thin steam. 
■*:he p]rooe 88 in complete in a few minutes. The process seems to be a good one 
since the time tidren is so short that there is no danger of inversion ocouring. 

Caseins eolcnns. Are colours for painting in which the cementing substance 
con^ts of curds, quick lime and water; sometimes the ciwine colours are also 
with linscm oil vamishl Rajcaatly commercial caseine has been used in- 
sisad curds. See Casbusti. The oasmne colours have proved of service 



144 


Cassbl yellow. 


in the painting of the fronts of houses and for similar purposes, as they wear 
well even when exposed to the atmospheric agencies. As however in time they 
become influenced by the carbonic acid in the air and thus lose their weather 
proof qualities, they must be kept in tin cans hermetically sealed. The colours 
are made as follows. 200 parts of caseine are thoroughly mixed with 40 parts 
of powdered quick lime, and the colouring matter added, until a thick paste 
is obtained. This paste is then finely ground in a colour mill. It is then packed 
in tin cans of 1, 2 ^/ 2 , 5 and 10 kg and hermetically sealed. The following 
colouring matters may be mentioned as suitable. Whites : zinc white, lithopone, 
china clay, and heavy spar (barytes). Yellows: ochre in all shades, Indian 
yellow and Naples yellow. Browns: Sienna and burnt Sienna, umber (raw 
and burnt), Cassel brown, Cologne brown, van Dyck brown, and brown stone. 
Blacks: ivory black, Frankfort black, amp black. Reds: red leads, Venetian 
red, English red, caput mortuum and Indian red. Blues: ultramarine, 
cobalt blue, smalt or azure blue and mountain blue. Greens : cobalt green, 
green earth and Guignet green. 

According to the (5erm. Pat. 142940 caseine quite free from fat is mixed 
with formaldehyde or carbolic acid or some other antiseptic and worked 
down with water to a thin liquid, which is then thoroughly mixed with an 
equal quantity of cement. As soon as the heavier parts have settled the 
remainder of the fluid forms a good stable medium for the most sensitive 
colours. 

The caseine colours give stable colours with a matte surface. They are not 
expensive. The only disadvantage is that mineral pigments alone can be 
made use of in their manufacture. 

Caseine apparatus: 

Friedrich Hockmann, Berlin SO. 16, Briickenstr. 6b (aee advts.). 

Cassel yellow see Lead colours. 

Cassia, oil of see Oil of cinnamon. 

Cassius, purple of sec “Gold colours“. 

Castor oil. An oil obtained from the seeds of the Palma Christi, Ricinns 
communis. The best kinds are prepared by crushing the seeds, warming to 
80® and pressing. Inferior kinds are also prepared by a second and third 
pressing and also by extraction with carbon bisulphide. 

In order to refine the oil it is heated with an equal volume of water to 
boiling and decolourised with animal charcoal. The same object is attained 
by exposure to sunlight, but in presence of air it is apt to become rancid. 
According to Germ. Pat. 144180 castor oil may be purified by washing with 
a 60 % alcoholic solution of NugCOg. In this way the castor oil should separate 
quite clear and the impurities should remain in the alcoholic soap solution. 
Aqueous alkaline solutions cannot be used because the soap then remains 
dissolved in the oil. 

A pale yellowish non-drying oil which is viscid and has a mild taste, with 
a bitter after- taste. It becomes cloudy at 0° and solidifies to a buttery -like 
mass at — 18®. S. G. 0.916 at 15®. Saponification number 180, Iodine number 
83 to 94. 

It is used in medicine, in the manufacture of soap, as anilluminant, and as a 
cosmetic. After saponification it is also employed as a mordant in dyeing- 
See Oil mordants. 

According to the Germ. Pat. 104499 a product known as florizine is pre- 
parated from castor oil by distilling the latter in retorts until 5 — 10 % has 
passed over. A yellowish-brown oil with a green fluorescence is then obtained 
which is as viscous as castor oil but which has quite different solubilities. 
It is soluble in all proportions in mineral oils at the ordinary temperatures, 
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a property not possessed by the original oil. It is further miscible to almost 
any extent in ceresine and vaseline and almost insoluble in alcohol and acetic 
acid. To attain this solubility is the object of the above method. 

This substance is also known by the name derizine. 

The Germ Pat. 160564 and 152696 protect the method of manufacture 
of a castor oil preparation in the form of a powder intended for medicinal use. 
The castor oil is emulsified with separated milk or with a mixture of caseine 
and milk-sugar, and the emulsion so obtained evaporated to dryness. 

The Germ. Pat. 166999 also has for its object the preparation of a solid 
form of castor oil. According to this method the oil is mixed with MgO or 
MgCOg and HgO and allowed to evaporate in the air. The addition of gum 
arabic is also suggested, but the uses of the powder so obtained are not 
specified. 

Catalysis. By this term are understood certain processes in which a possible 
reaction is accelerated by the presence of an agent which itself remains un- 
changed. This agent is called a catalyst. Catalytic processes are well known 
and of various kinds. From a lecture given by Bodlander at the International 
Congress for Applied Chemistry, Berlm 1903, we quote the following list of 
inorganic catalyts which are of importance in chemical industry. 

The sign“ denotes that doubt is entertained as to whether the process 
is strictly catalytic. 


Catalyst 

Platinum 


Carbon 
HNO3 • 


Copper compounds 


re,o, 


Mn and Pb oxides 

Compounds 

CaO 


Carriers of atmospheric oxygen. 

Reaction 

H2SO1 manufacture. 

Formaldehyde manufacture. 

HNO, from NH3. 

Alcohol and water purification 

Lead chamber Process. 

Cyanide from thiocyanates. 

Cl from HCl. 

Deacon’s Process. 

Formaldehyde 

Methyl violet from Dimethylaniline 

Cu SO4 manufacture by means of SO, or SO* 

Ag extraction (Russel) (?) 

SO, manufacture 

Sulphide roasting 

Phthalic acid + benzoic acid from Napthalene 

Coal gas and water purification 

Linseed oil varnish 

SO3 manufacture 

PbO from PbS. 


Carriers of oxygen (combined) other than the above 

Catalyst Source Reaction 

Vanadium chloride CrO, Aniline black from Aniline. 

" “ Nitro benzene Fuchsine manufacture. 

Copper compounds CrO, Aniline black from Aniline 

“ Nitro benzene Fuchsine manufacture 

" KCIO, Methyl violet from Dimethyl 

aniline 

Nitro benzene Fuchsine and Nigrosine manu- 

facture. 

KNO, S. compounds (in NaOH). 

Hg compounds HjSO* Kjeldahl’s N determination. 

“ “ Phthalic acid from naphthalene. 

Oxalic acid CrO, Discharging of Indigo. 

Blvichor. 10 
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Reduction (addition of Hydrogen). 


Catalyst Reaction 

FeCI, Aniline from nitrobenzene. 

Iron Addition of H to the unsaturated hydrocar 

bona. 

Ni Steeuric acid from oleic acid. 

Cu Aniline from nitrobenzene. 

I Reduction in presence of P. 


Other catalytic reactions cannot here be mentioned. 

Catatype. Ostwald and Gross thus designate a new method for copying 
photographs. In tliis process positive copies are obtained from negatives by 
effect of contact instead of light. This method is thus founded on the principle' 
of catalysis (see this article). The process is carried out in various ways. For 
example, a common glass negative is rinsed with an ether solution of hydrogen 
peroxide and then pressed, after the ether has evaporated, in a copying frame 
with non-sensitized pigment paper, that is paper prepared with gelatine or 
gum and colouring matter only. The time required for the result is about 
30 seconds. During this time an invisible positive of H 2 O 2 has appeared 
on the negative in the following way. The hydrogen per-oxide is catalytically 
strongly affected by metals, e. g. by Ag, of which the glass negative is com- 
posed. The HjOg therefore becomes decomposed with great rapidity after 
the evaporation of the ether in the places where silver is found i. e. the high 
lights, while on those places in the original where there is no Ag, i. e. the 
sh^adows, no decomposition takes place. In those places corresponding to the 
half tones, the extent of the decomposition depends on the depth of the 
shade, that is in proportion to the amount of Ag found there. The invisible 
HjOg positive so obtained is transferred to the pigment paper by the pressure. 
To render it visible on the paper, the latter may bo treated with solutions, of 
ferrous salts which in the parts covered with H 2 O 2 will pass into ferric salts 
and thus render insoluble the gelatine or gum as in the bichromate-gelatine 
process. 

The catatype picture can then be produced by washing with warm water 
in the usual way. 

The quickness of the process, its great possibilities of application and the 
fact that it is independent of the action of light recommend its wide use. 

For particulars see Germ. Pat. 147131, 157411 and 158368. 

Catechine a colouring matter used as a substitute for catechu. It is a much 
faster dye than catechu itself and can stand exposure to light and air much 
better. It is three times as strong as gambier and is supplied in various shades 
from yellow brown to violet brown. It is used for dyeing cotton and for 
giving pure brown shades to sail-cloth, tents, fishing nets, &c. 

Catechu. Compare Tanning materials. A distinction is made between 
brown catechu, also called Pegu catechu or simply Pegu, and yellow catechu 
also called Gambier catechu or simply Gambier. 

The first mentioned catechu is the extract of the heart wood of the Acacia 
CATECHU, and is made in India. It is obtained by soaking in cold water or 
by boiling in water and then evaporating to a paste which solidifies on cooling. 
It is a dark brown, brittle, astringent tasting substance, which partially 
dissolves in cold and completely in hot water. If the substance is treated 
with cold water the catechu-tannic acid (which is used for tanning) is dissolved 
while the catachine used for dyeing remains unaltered. 

Gambier is the extract of the stalks and leaves of Nauclba (Uncaria) 
Gambier, which is specially cultivated in Further India and Sumatra. 
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has become quite 51^4 sago starch is mixed with the 

then showed to dry he aambier^is generally brown outside and 

lAVcent^ Wh"n cfXteshhlweverlt^ Its value 

yeUow towank the ce^r^nt catechm contents. 

,s Mtimated by t ^ho ash contents should not exce.^ 4 percent 

Tbst. a) VBGUCATBonu The amount of ash 13 determined 

The plant residue not ““^than P . * ^ heat until a constant weight 

by ^-“'"^Srmtoe thfaSn^of ^"idue the Pegu is boSed 

for indentifymg Pegu catecl^uDiB^ S ^ 

catechu X Isi tato ^ 

tK^mid Xch turns a violet-blue. Pegu catechu however shows a 
"TgImbieb “The XstouidTmfst amount to 6 per cent the plant 

StiSto “3 S„“toS““ 0 ° wo'jt 

r saroi^s If :.£ up. ^w^-' k.'SS’iSx 

££. .S t4 ^u ».o.- 

appears. 

Caustic alkalies. 

ss: ,f .. . 3 . 

article on Chlorine-alkali process, Electrolytic. 


Caustic colours see Printing of textile fabrics. 
Caustic lime see Limb. 

Caustic lye see Potassium lye or Sodium lye. 
Caustic soda, see Sodium hydroxide. 

Caustics. 


Caustic varnish, Etching ground : i nart 

4 parts of aBph^lt, 1 part of black and 1 part of Burgundy pitch, 1 part 

of white wax, 

5(4 rf Srd« «ph.lt. 3 ’ l”* 

Tta C3,» «d M«1 Th” 3”™* 

is then put on to the hot metal. 

l purt o< ...M. 1 P.B «l “«'«•' ‘ I*" 

cone, acetio acid 
or 

2 parts of nitric acid and 1 part water. 


10 * 
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2. For copper. 10 parts fuming HNOg, 70 parts of water and a solution 
of 2 parts of potassium chlorate in 20 parts of water, 

or 

40 parts of hydrochloric acid in 100 parts of water and a solution of 6 parts 
of potassium chlorate in 50 parts of water. 

3. For silver and brass. Pure cone, nitric acid. 

4 . For zinc. Dilute nitric acid. 

6. For gold. Dilute aqua regia. Compare article Aqua regia. 

6. For glass. Hydrofluoric acid. The vapour or steam is used for “groun- 
ding'" glass (i. e. maWg it opaque), the aqueous solution for etching. Instead 
of hydrofluoric acid, ammonium fluoride or a mixture of fluor spar with sul- 
phuric acid is used. A solution which gives good matte surfaces on glass 
is made by dissolving 250 g of double fluoride of potassium and 140 g of 
ammonium sulphate in a mixture of 250 g of hydrochloric acid and 1000 g 
of water. 

Etching ink for glass. 30 g ammonium fluoride, 15 g distilled water, 
6 g H 2 SO 4 mixed together in a leaden bottle and heated to 40®. 

After cooling, 5 g of concentrated hydrofluoric acid' and 1 g of gum arabic 
(in solution) is added. 

A steel pen or a quill can be used. The writing will look dead, dull, opaque 
Etching material for chemical discharge work on glass. A very good 
medium is made by mixing a saturated solution of NH 4 F in concentrated HF 
with MgCOg and dextrine. Method of making and proportions of contents 
are protected by the Germ. Pat. 148724. 

Etching ground for glass. Wax, pure or mixed with turpentine oil. 

7. For lithographic stones. Dilute HNO 3 or HCl, oxalic acid, or tartaric 
acid. 

8 . For amber, Ivory and Bone. Concentrated sulphuric acid. 

9. For marble. Dilute nitric acid. 

10. For Mother-o' -pearl. Concentrated sulphuric acid or concentrated 
nitric acid. 

Cedar wood oil. Essential oil, produced either from the wood of the genuine 
cedar {Cedrus lAhani) or from the Himalayan cedar {Cedrus Deodara), or 
on the other hand fiorn the wood of the Virginian cedar {Juniperus virginiana) 
in each case by distillation with water. Most of the cedar wood oil sold 
comes from the latter tree, more properly called Virginian juniper. 

Colourless to pale yellow thinnish volatile, oil. S. G. (at 16®) 0.906 to 0.985. 
It is used for perfumes, and when evaporated as a medium between the front 
lens of the objective and the cover-glass in microscopic work. It is also used 
in the manufacture of soap, and in the industrial treatment of other oils. 

Cellhorn see Celluloid, 


Celloidin is obtained from collodion (see this article) by precipitation of a 
collodion solution with water. As the greasy brownish substances remain 
in solution, the celloidin consists of pure nitro -cellulose. It is formed into 
cakes of about 200 g weight which harden into a hom-like, semi-transparent, 
milky substance. 


Celloidin paper see Photographic papers. 


Cellotropine is obtained from the arbutine of the barberry by treatment 
with benzoyl chloride. Its constitution is monobenzoyl arbutin 


c.h/ 


O.C,H„0. 

O.CO.C,H,. 
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It is a neutral, white crystalline powder, without taste or smell, M. P. 184,6®, 
Holuble in alcohol or in boiling water. In cold water it is sparingly soluble. 
It is said to increase the natural protective substances of living organisms 
against infection and infections diseases, and is therefore prescribed in cases 
of tuberculosis and scrofula. The dose is 0,3 — 0,5g three times daily. 

Cell substance see Cellulose. 

Celluloid. When nitro-cellulose is pressed together with camphor under 
certain conditions the substance known as celluloid is obtained. The nitro- 
cellulose must for this purpose consist principally of di-nitro cellulose, see 
Collodion. It is ground, the water removed and then rolled with 40 — 60 per 
cent of camphor. After this it is moulded in hydraulic presses, and heated to 
80 — 130® under great pressure. After remaining in the press for some hours 
the celluloid is dried in a vacuum over fused CaCl 2 . If colouring matter is 
to be added, it is done when the nitro-cellulose is mixed with the 
camphor. Another process involves the use of methyl alcohol or ether. The 
work is in this case done in the cold, a solution of camphor is used and the 
substance thus obtained, which is plastic, is rolled out into sheets, which 
must again, after hardening, be treated in a warm state in hydraulic presses. 

An extraordinary number of methods, most of which are patented, deal with 
the use of other substances in place of the camphor, which always emits a 
peculiar and characteristic odour. Some of the substances employed instead 
of camphor are, Naphthalene, Nitro-naphthalene, Naphthyl acetate, 
Phosphoric acid ester and Carbonic acid esters of Phenol, crbsol and 
Naphthol, Halogen derivatives of the Aromatic hydrocarbons, 
Phenoxyacbtic acid and Naphthoxyacetic acid, Acbtochlorhydrine 
AcetinBjDi-naphthylketone, Methyl naphthylketone, Nitro-cellulose 
and many others. The most important of the many methods are probably 
the following. Germ. Pat. 139589 in which the carbonates of the phenols, 
cresols and naphthols are suggested for this purpose, and Germ. Pat. 128120 
and 144648 in which the phenol ester of phosphoric acid is used in the same 
way. Further the French Pat. 349970 which suggests the use of bomeol in 
place of camphor should be noticed and the Eglish Pat. 5280 (1904) which 
proposes ketones e. g. methyl ethyl ketone, methyl naphthyl ketone and 
others, for the above purpose, 

Substances similar to celluloid are obtained by kneading together nitro- 
cellulose and caseine, and still better products are obtained according to 
Germ. Pat. 138783 and 139905 by treating a compound of caseine with a 
metallic oxide. Substances containing keratine (e. g. horn) have been suggested 
as suitable for celluloid manufacture. Some of these materials are, wool, 
claws, hoofs, horns, hair, feathers &c. According to Germ. Pat. 134314 these 
horny substances are cut up, dissolved in alkalies and precipitated by acids. 
The precipitate is then pressed and treated with gaseous or dissolved formal- 
dehyde. it becomes hardened and unalterable in shape. The material is then 
•said to form an excellent celluloid. 

With regard to the ordinary camphor celluloid, it should be remarked, that 
attempts have been made for some time to substitute artificial camphor 
for the natural product (see Camphor). The product obtained however, does 
not give satisfaction, and the non-success has in each case been traced back 
to impurities in the camphor. Recently Callenbero has discovered a process 
for refining artificial camphor, by which it is obtained as a crystal-clear 
substance, which also dissolves such nitrated cotton wools as are not acted 
npon by alcoholic solutions of natural camphor. The celluloid made in this 
is very durable and when in addition to the camphor solution, a certain 
quantity of naphthalene is added, the product is neither inflammable nor 
explosive. 



160 


Celluloid varnishes. 


The following patents deal with the question of substituting camphor by 
other substances. Germ. Pat. 163668, 168497, 172941, 172966 (and addition 
172997) 174269, 173020, 173796, 174914, 176474, 178133, 178778, 180126, 
186808. French Pat. 368004, 372512. Amer. Pat. 831028. 

To remove or to lessen the dangerous' inflammability and explosiveness of 
celluloid, salts of aluminium, magnesium chloride, asbestos, napnthalene, &c. 
are added to the substance. On the subject of de-nitration of celluloid sub- 
stances compare the articles on methods of Dc-nitration and Silk, arti- 
ficial. 

Germ. Pat. 162239 states that to decrease the inflammability of celluloid, 
it should be treated with cellulose acetate instead of with metallic salts, 
while the Germ. Pat. 149764 recommends the use of alkyl esters of 
silicic acid, such as amyl silicate and ethyl silicate for the same purposes 
The other proposals which have been brought forward on the same subject 
can be passed over as less important, in some cases as being either too daring, 
or in others indeed, as quite senseless. 

Celluloid is a substance which is semi-transparent to transparent and lik(5 
horn. It is hard, elastic and very tough. The best kinds have no smell although 
inferior qualities smell of camphor. It can be welded and sized when warm, 
and is insoluble in water. On the other hand it readily explodes and bums 
with a smoky flame, emitting a smell of camphor. At a temperature of 125® 
it becomes plastic; at 140® it decomposes without explosion. Its many uses 
are well known. 

According to Germ. Pat. 173990 a substitute for celluloid may be obtained 
by the action of formaldehyde on phenols (e. g. carbolic acid), or according to 
French Pat. 372018 from glue, castor oil and camphor with addition of a 
certain amount of celluloid previously prepared. 

Celluloids : 

Werner Pfleiderer & Perkins Ld.. Peterborough. 

Celluloid varnishes. Solutions of celluloid in ether, acetone or amyl acetate. 
It is a colourless clear fluid which leaves a thin celluloid coating on the surfaces 
painted with it. It keeps the metaUic surfaces bright and sliining as when 
new, and does not change the colour. Materials which absorb fluids, such as 
wood, leather, linen, &c. can be protected from external influences by celluloid 
varnish, without their appearance suffering in any way. 

The celluloid varnishes are found on the market under various names, such 
as Zapon varnish, Brassoline, Cristallinb, and Victoria varnish. 
A mixture of celluloid varnish with powdered metal, bearing the name of 
Galvano LAO can often take the place of electro-plating as a coating of this 
material is proof against atmospheric influences. 

Lately zapon varnish has come much into use for preserving antique 
articles of value such as Documents, Coins, Medals, Seals, &c. (Cf. Anti- 
quities). 

Cellnlose (Cell substance). Among the fibre substitutes used in the 
manufacture of p^er, mechanical wood pulp and cellulose should be mentioned. 
For the former. Cf. Wood. Cellulose differs from wood pulp in that it is a 
pure chemical product free from all impurities. 

Cellulose is made from wood, straw, and also from esparto. The product 
however differs to some extent according to its origin. The most important 
variety is the wood cellulose. 

The manufacture of wood pulp is now carried out according to one or other 
of three processes, viz. by the Soda process, the Sulphite process or the 
Electric process. 

1. In the soda process the wood, which is cut up into small pieces, is boiled 
for several hours in soda lye of 12® B4. under a pressure of 6 — 8 atm. 
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The substance obtained after washing in water and mashing in a rag mill 
is a pale grey-coloured stuff, which after being put through a draining machine, 
comes out as a pulp. This is again disintregated and cleaned in a bleaching 
rag mill. Cf. Paper. Improvements on this system consist principally in 
treating the wood with steam and lye alternately, the temperature of the 
steam being raised and the lye made more and more concentrated. The work 
is carried out in boilers, 7 — 10 of which are connected in a series so that the 
steam and lye can be led from one into the other. 

The Germ. Pat. 134263 gives a method for the manufacture of cellulose 
by the soda process from the refuse fibres of the skins of the cotton seed, 
which are waste products in the process of cotton manufacture. 

These fibres remain on the seed shells after the cotton has passed through 
the ginning mill. Cf. Cotton and Plant fibres. The fibres are first freed 
from gum, oil, and fatty impurities with naphtha, then boiled in weak 
caustic alkaline lye under pressure until they separate, after which the sub- 
stance is washed. 

2. The most important method for obtaining cellulose is by means of 
sulphurous acids or its salts. The different kinds of sulphite -cellulose are so 
obtained. The sulphite or bisulphite is prepared from natural calcium and 
magnesium carbonates, by the action of SOg gas in presence of H 2 O, in suitable 
towers and specially-constructed chambers. 

The boilers used in the sulphite process are made of enormous size, as the 
boiling has to go on for a long time. They are built to lie lengthways, are 
about 12 meters long, 4 m in diameter (internal) and contain 100 cubic meters 
of fine cut wood, and 60 cbm of lye. The boiler plates are 1,8 — 2 cm thick 
and lined with thin lead plating, burnt tiles or firebrick, to prevent destruction 
of the metal. The boiler is always heated with steam, either directly or in- 
directly. The movement of the lye is regulated by Korttno's injectors. 

In this method too, the wood is cut in chips; the sulphite lye has usually a 
strength of 4 — 5® Be. Steam is first turned on for a short time and when 
sufficient heat has been supplied, the lye is added and heated gradually 
until a pressure of 3 atm. (120®) is reached. The steaming process lasts from 
10 — 15 nours, and the whole process of boiling 30 — 40 hours. The total time 
for heating, filling, cooling and emptying is about 90 — 100 hours. 

The cellulose . thus obtained, after being drained from the lye is washed 
in cold water. The amount of cellulose obtained is between 40 — 66 %. 

3. Kellner's electric process, which is highly interesting, has of late 
become very popular. The wood is heated in brine and at the same time 
(‘xposed to the influence of the electric current. The chlorine and hypochlorous 
acids dissolve the substances which fix and contaminate the cellulose. 

In the course of the reaction the chlorine is converted into HCl, which then 
again unites with the sodium oxide separated at the cathode to form Na(^, 
«o that the process is continuous, and very little salt is used. The two boilers 
in Kellner's apparatus (the anode boiler, and the cathode boiler) are heated 
indirectly by steam 126—128®. It has been proved more practical to carry 
on the work in open vessels without pressure. The current is usually reversed 
every quarter of an hour, which is necessary for the success of the process. 

(Compare also the French Pat. 326313 and the Amer. Pat. 773941). 

4. Althou ghnot new, Buhlbr’s process. Germ. Pat. 94467 has recently 
necome of practical importance. For carrying out this method, the phenols 
^nd their derivatives, or tar oils containing phenol, are employed for de- 

the wood and separating the cellulose from the residue. 

I he cellulose thus obtained is purified in beetling mills, washing troughs 
Lud pulp strainers, or in special apparatus for cellulose purification. After 
■nw It is ^rted, and finally drained in drying machines. Very frequently 

eiore draining, the cellulose is bleached. 
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The cellulose on leaving the drying machine still contains about 60 % of 
water, which is reduced to 20 % or even 10 % by the use of drying cylinders. 

Cellulose is not only obtained from wood, but also to a considerable extent 
from straw and some kinds of grass, e. g. Esparto grass. The grasses are 
treated by the soda process and the straw either with soda lye or with sulphite 
lye. The Germ. Pat. 161285 protects a method for disintegration of the fibres 
by means of a 1 — 3 % aqueous solution of SO 2 , into which is previously 
conducted in such quantities as to completely neutralise the acid. The process 
is then carried on under a pressure of 4 — 10 atm. 

Compare also the articles on Nitro-oellulosb, Oxy -cellulose. Viscose 
and Cellulose esters. 

Lately a method has been described for spinning the cellulose, so that 
woven articles of cellulose, made by different methods are no longer exactly 
a rarity. They are sold under various names e. g. Licella fabrics &c. For 
their preparation aqueous cellulose solutions are employed which are placed in 
an apparatus like that used in paper manufacture (slubbing machine). Channels 
are present by means of which the cellulose separates in flat ribbons. The latter 
are partially dried and spun, and from them tissues can be woven while yet 
in the moist state. 

Wood pulp: 

Werner Pfleideror <Sf Perkina Ld., Peterborough. 

Cellulose esters. The esters of cellulose can be made in various ways. 
According to the Germ. Pat. 85329 cellulose acetate can be made by means 
of acetyl chloride and acetate of zinc; according to the Germ. Pat. 86368 by 
means of acetate of magne.sium. The Germ. Pat. 105347 recommends an 
addition of nitrobenzene in the making of the ester. The reaction of the 
acetyl chloride or other acid chloride on cellulose, according to the Germ. Pat. 
139669 is favourably influenced by the addition of pyridine or quinoline. 
In this case, the temperature of decomposition of the cellulose lies between 
100° and 150°, according to the quantity of pyridine added. To accomplish 
rapid change, a solvent for the ester formed must be added. Acetone, nitro- 
benzene, naphthalene, &c. serve as solvents. The water (or the alcohol) 
is separated from the cellulose ester and, with the pyridine set free by the 
addition of chalk, can bo recovered by distillation for further use. The Amer. 
Pat. 709922 states that the action of the acid chloride on the cellulose is 
promoted by an addition of aromatic sulphonic acids, such as phenol 
sulphonic acid, or naphthol sulphonic acid. 

The Germ. Pat. 118538 describes a method for making cellulose acetate 
from hydro -cellulose by the action of acetic anhydride. In a variation of the 
process, protected by the French Pat. 319848 the cellulose is heated to 50° 
with glacial acetic acid containing a small quantity of H,S 04 , then cooled 
and the requisite amount of acetic anhydride is added to the hydro-cellulose 
so obtained. The process of the Germ. Pat. 163350 and 159524 as well as the 
Amer. Pat. 733729 are quite similar. In these methods the acetate of cellulose 
is obtained from cellulose, acetic anhydride, glacial acetic acid and sulphuric 
acid. In the French Pat. 316600 the H 2 SO 4 is replaced by the various phosphoric 
acids, while in the French Pat. 324862, in place of the sulphuric acid, a mixture 
of phenol sulphonic acid and its sodium salt is used. The English Pat. 10243 
(1903) adds small quantities of anhydrous inorganic acid chlorides, e. g. phos- 
phorus oxychloride or phosphorus pentachloride to the mixture of glacial 
acetic acid and acetic anhydride, which serves to acetylate the dry cellulose 
fibres. The action is continued for 7 — 8 hours in a hot room at a temperature 
of about 56° after which it is stoj^ed by adding water. This method produces 
a good soluble cellulose acetate. The same can oe said of the product obtained 
according to the French Pat. 345764, in which dimethyl sulphate is added to 
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the mixture of glacial acetic acid and acetic anhydride. According to the 
French Pat. 347906 the acetylation is carried out by acetic anhydride in 
presence of sulphuric acid, phosphoric acid or an organic sulphonic acid, or 
the acetylating agent may be acetyl chloride in presence of sulphuric acid, 
phosphoric acid or some organic sulphonic acid. The acetylation takes place 
in an indifferent medium which prevents the acetyl cellulose from dissolving; 
benzene, ether, &c. may be used for this purpose. New patents connected with 
the acetylation of cellulose are: — Germ. Pat. 163316, 175379, 185837. French 
Fat. 368738, 368766, 371357, 371447, 373994. English Pat. 9998 (1905). Amer. 
Pat. 826229, 838350. According to the French Pat. 374370 the esterification 
is conducted in such a way that the original form of the cellulose is preserved. 
This can be attained by the addition of carbon tetrachloride. According to 
Germ. Pat. 180666 and 180667 the esters may be prepared by the action of 
organic acid anhydrides in presence of sulphuric acids. Cellulose acetate has 
proved an excellent material for the manufacture of artificial silk. The solution 
of the acetate is squirted into alcohol or a solution of ammonium chloride 
through very fine holes so that threads are formed. See Silk, artificial. On 
account of its great electric insulating power which is greater than that of 
silk, tlie silk made from cellulose acetate is used for making the covering.s 
of insulated wires. 

The Amer, Pat. 774713 and 774714 protect the manufacture of a sub- 
stitute for horn, celluloid, &c., from cellulose acetate heated under pressure 
with thymol and chloroform, or with a phenol. Castor oil may also be added 
to the thymol. The French Pat. 341007 protects a new method of printing, 
in which cellulose acetates soluble in alcohol arc employed as substitutes 
for thickening and fixing substances in making patterns for the printing of 
calico and other textiles. 

Hydrocellulose see the article on Oxy-cellulose. 

The xanthate of cellulose is treated separately in the article on Viscose. 

Fement. Hydraulic mortar, hydraulic lime. Cements, as opposed to ordi- 
nary mortar, are insoluble in, and harden under water, with which they 
combine chemically. Both artificial and natural cements are known. To the 
former belong the tuff-cements which are prepared from the volcanic tuffs 
by mixing with slaked lime. In place of the natural tuffs, artificially prepared 
silicates, such as blast-fumaco slag, may be used. 

Of greater importance are the artificial cements such as Roman and Portland 
t'ements. The former kind contains free lime and is obtained by heating 
marl not above its fusion point until most of theCOg is removed. When burnt, 
the substance takes the form of pieces as big as the fist. The process of burning 
!■> cpried out continuously in furnaces in which the marl is placed with alter- 
nating layers of coke. The burnt Roman cement is broken and ground and is 
used either alone or in conjunction with fine-grained sand. On the addition of 
water it slowly sets with the development of a small amount of heat. The 
quality of the cement depends very largely upon the character of the sub- 
from which it is prepared. 

The most important kind of hydraulic mortar is Portland cement which 

prepared by burning a mixture of lime and clay and powdering the product, 
^le materials from which it is prepared are marls or chalk. The clay should 

free from sand which may be removed by washing. According to this wet 
process the lime and clay are mixed with water in a stamping -mill fitted with a 
tirrer The mass thus freed from impurities isplacedin settling vessels, the water 
partially removed, and the thick paste made into bricks which are then burnt, 
m' process the clay and chalk are ground separately and then 

mixture is treated with water, thoroughly kneaded in a mill 
aira then formed into bricks. 
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Finally a “half -wet” process may be mentioned in which the lime is washed 
and mixed with the dry clay (or vice versa). In this case, too, the mass is 
cast into bricks. The burning of the bricks is carried out either continuously 
or in ovens which are cooled periodically. In the latter kind layers of coke 
are introduced and the temperature is slowly raised until a white heat is ob- 
tained. The air enters from below and passes through the hot mixture. 

In the ovens of the continuous type a great economy of fuel is 
effected. 

The roasted cement is broken in mills and then ground to a fine powder. 
The properties depend upon the nature of the materials used in its preparation 
and upon the method of manufacture. 

Recently blast-furnace slag has been recommended as a material eminently 
adapted for the preparation of Portland cement. It is in reality nothing but 
a cement poor in lime. Cements prepared from slag arc known as slag cement, 
iron cement, or iron Portland cement. 

The usual method of manufacture is to granulate the slag by allowing it 
to flow directly into cold water, drying and mixing with lime and finally 
grinding the whole to a powder. Portland cement may be used in place of 
the lime. The process is protected by the Germ. Pat. 151228 and English 
Pat. 18953 and 26683 (1902). 

Other methods recommend heating a mixture of slag and lime (Germ. Pat. 
151588). On the other hand the Germ. Pat. 153056 and 158363 recommend 
the use of slags containing a high proportion of lime so that no addition of 
the latter is necessary. Such slags are granulated in water, strongly heated 
and then ground. 

According to Germ. Pat. 150769 a mixture of granulated slag and quicklime 
is heated with high-pressure steam and then ground. This is generally preceded 
by a previous drying which is carried out according to Germ. Pat. 159865 by 
first heating the slag in superheated steam and then mixing with the 
requisite amount of quicklime. A dry mixture is thus obtained which without 
any further drying is ground to powder in special mills. 

Finally according to Germ. Pat. 162330 the fluid slag is quenched in a 
thin milk of lime without the addition of a further quantity of lime. The 
granulated mass is dried and ground in the usual manner. 

The slag cement sets more slowly than the ordinary kinds, but Is much 
harder. It has already been widely u.sed and has undoubtedly a great future 
before it. 

Mention must be made of magnesia cement (Sorel cement). It is prepared 
from slightly burnt dolomite which is treated with a solution of MgClj. It 
sets to a hard mass owing to the formation of magnesium oxycliloride (with 
slight evolution of heat). In order to secure proper mixing the MgCl^ solution 
is treated with thick gelatinous liquids such as solutions of glue, starch or 
dextrine, gelatinous silica (prepared by the addition of a solution of water-glass 
to MgGa) aluminium hydroxide, &c. Magnesia cement does not resist at- 
mospheric influences, but is well adapted for cementing metallic objects. 

According to Berkel a magnesia cement can be prepared by acting on 
fluor-spar for some time with H 2 SO 4 and then adding kieserite or a solution 
of MgS 04 to the mixture. As soon as HF is evolved MgO is added; CaS 04 
and MgFj are formed which remain mixed with the MgS 04 . This kind of 
cement is not only very hard, but on account of the absence of magnesium 
oxychloride it is not readily attacked by water. The objects to be cemented 
are pressed together, dried in the air and finally gently heated. 

For the preparation of weather-proof magnesia cement the Germ. Pat. 
126178 recommends the use of baryta or witherite as a binding agent for the 
sulphuric acid derivatives found in the raw materials. Other methods are 
protected by Germ. Pat. 143933 and 151947. According to the latter, cement 
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( an be prepared from burnt magnesia by partially neutralizing with gaseous 
HCl. The reverse process is adopted in Germ. Pat. 164976 and 169663 in which 
crystalline MgClg is heated until not only is the water removed but HCl is 
also evolved. A mixture of MgO and MgClg is obtained which is used as a 
cement. Other processes are described in Germ. Pat. 173120, 178013 and 
186448. 

Cephaldol. A substance prepared by the action of citric acid and H2SO4 
on phenetidine with an addition of quinine and Na2C03. It is used as a mild 
antipyretic and antineuralgic. Yellowish- white bitter- tasting powder, readily 
soluble in alcohol, but with difficulty in water. Dose 0.2 to 1.0 grammes. 
Daily dose 3 — 5 grammes. 

Ceramine Soap, see Medicinal soaps. 

Ceramite. A solution of fluosilicates, used as a disinfectant, as a preservative 
for timber, and for hardening cements, &c. 

Ceramite: 

lluinann <k Teisler, Dohna, Bez. Dresden, Germany. 

Ceramyl. A solution of hydrofluosilicic acid and its salts (chiefly of Fe and 
Al). S. G. 1.2528 (at 15®). It contains 19.84 % of free and combined hydro- 
fhiosilicic acid. It is very similar to Montanine (q. v.) and is used for the same 
purpose. 

('Crosine. By this name ozokerite is sometimes known, though, generally 
speaking, the name is applied to a preparation of this substance (q. v.) The 
ceresine resembles in some respects ordinary bees-wax and is prepared from 
the finer kinds of ozokerite, the inferior sorts being used for the manufacture 
of paraffin by distillation. 

The ozokerite is melted in large vessels capable of holding 300 kilo, over an 
open fire, and kept at a temperature of 115® to 120® for 4 — 6 hours in order 
to expel all water. After the heating sulphuric acid to the extent of 15 — 20 % 
i« then added in a thin stream. The acid must contain 78 % of SO 3 and the 
precise amount necessary for a particular specimen of ozokerite determined 
hy previous experiment. The whole isThoroughly stirred whilst the temperature 
is slowly raised at first to 165® and later to 175®. In this way all the impurities 
which can be oxidised by H2SO4 separate in the form of a black mass known 
fis ,,asphalt“ and the excess of the acid evaporates. During the process of 
cooling, which must be slow, a de-acidifying powder is added. This is obtained 
from the residue in the manufacture of potassium ferrocyanide. After de- 
colourizing with animal charcoal and filtration in a filtering pre^s to remove 
Jisphalt, &c., the ceresine is obtained as a yellowish mass. If it be required 
perfectly white the treatment with H2SO4 is repeated, and if on the other 
j ^ required coloured like bees-wax some artificial colouring matter is 
auded e. g. quinoline yellow. 

Ceresine is a white, tasteless, odourless, wax-like mass ; M. P. 62® to 80® ; 
^ 0.922. It is used in the finishing of cotton and woollen goods, 

m tne manufacture of candles, in perfumery, &c. It is frequently adulterated, 
particularly when prices are high. 

Cerium. Ce. Atomic weight 140.3. 

1* Cerium is obtained by the electrolysis of cerium chloride. It is an iron- 
grey very clastic metal with a specific gravity of 6.73. It ignites spontane- 
ously m the air (surface contact) and bums with intense brilliancy. It is 
a tetravalent element. 

4 Compounds op cerium are found in different minerals, but are now 
mainly prepared from monazite which is an easily decomposed mineral con- 
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sisting principally of cerium and thorium phosphate. In the process of pre- 
paring thorium, cerium is obtained as a by-product in the form of a crude 
carbonate. According to Germ. Pat. 143106 this carbonate mixture Is 
dissolved in crude HCl and a further amount of the crude substance added 
together with a certain quantity of potassium permanganate, so that the latter 
is in excess ; a brown precipitate w^ separate, which contains besides cerium 
Mg, Cl and CO 2 . It is then pressed and extracted. The compounds of 
cerium are used for the manufacture of incandescent mantles. 
Cf. Incandescent gas lighting. According to Forster and Brandeis 
(lecture given at the International Congress of Applied Chemistry, Berlin 190.‘1) 
cerium sulphate is an excellent oxidising agent, which can be used commercially 
It is almost equal to KMnOj in oxidising power and is readily regenerated by 
electrolysis. A process for oxidising aromatic hydrocarbons by means of 
cerium compounds in acid solution, is protected by the Germ. Pat. 15860!). 

Cetiacol see Cetylguatacyl. 

Cotylguaiacyh also called cetiacol and palmiacol. Under these names a 
remedy for consumption is recommended, which is probably nothing other 
than pyrocatechin methyl cetyl ether. According to the English Pat. 1634!) 
(1903) it is prepared by digesting a mixture of sodium alcoholate and guaiacol 
with spermaceti at a temperature of 80®. 

It is a solid M. P. 15® at which temperature it decomposes. It is insoluble 
in H,0, but soluble in ether-alcohol and chloroform. 

It Kas the same effect as guaiacol, but does not irritate the digestive organs. 

Chalk, see Lime. 

Chamotte-Stones. 

Westcloutst'ho Stcinzeug-Ohamotte- und Dinoswerko G. m. b. H., Euskirchen, Rheinland 
(Germany) (see front part advt. p.). 

Chamois dressing. For general details see under Tanning. In chamois 
dressing the skin is made into leather by introducing layers of grease between 
the fibres of the skin. The oxy fatty acids formed by the oxidation of the 
fats are so intimately combined with the fibre that the leather can even be 
washed with soap without decomposition; hence it has received the name of 
Wash i.eather. In this method of tanning skins, not only the epidermis 
is taken off but also the grain, to allow the fat to enter more easily between 
the fibres. The hide (sheep, goat, &c.) from which the hair has been removed 
is then freed from lime with acid pickle and after being well wrung out and 
milled is sprinkled on the grain side with animal fats (blubber, whale oil, &c.) 
which is then rubbed in by hand. Several skins are then rolled together 
into a ball and well milled by machinery. After some hours of milling the 
skins are again oiled, and milled, and so on till no more oQ can be absorbed. 
Finally the skins are piled up in heaps in hot chambers to ferment, oxy acids 
are formed, the skins swell and the oil is thoroughly assimilated. The super- 
fluous fat is removed mechanically by pressing, or by potash solution. Compare 
Degras. Chamois leather is used for making gloves, military articles, breeches, 
and for cleaning glass, polishing silver, &c. 

An article resembling chamois leather in all essential qualities is protected 
by Germ. Pat. 111408. The leather is tanned with dilute formaldehyde in 
presence of alkalies. This leather has been given the name of Caspinb. Its 
perfectly white colour, the rapidity with which it can be made, and the high 
degree of resistance to the effects of even boiling water will probably render 
caspine a serious rival of chamois leather. 

Charcoal. Charcoal is obtained by heating wood in the absence of air. 
When the main object of the burning is the preparation of charcoal itself 
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the process is carried out in the simple old-fashioned way, that is by piling 
the wood in conical heaps, leaving an air passage down the centre, and lignting 
the heap by means of brushwood. In order to prevent the complete combustion 
of the wood the heap is covered with earth, turf and fine coal which has been 
damped. The end of the process is marked by the appearance of the smoke 
evolved. 

By this method the by-products are not recovered, and accordingly the 
burning is now usually carried out in ovens. See Wood distillation. 

Charcoal is used as a fuel, for removing the fusel oil from spirits, for clarifying, 
decolourising and preserving, as a colour and polishing material, and also in 
the reduction of metals from their ores. 

Charcoal burning (Distillation of wood). Charcoal burning has recently 
become a very important branch of chemical industry. Disregarding the simple 
charcoal pile the burning is now carried out in ovens from which the products 
of distillation pass into condensing and cooling chambers. The charcoal ovens 
are of two types. In one the wood is placed directly in the retort, in the other 
it is placed in closed vessels. One part of the charcoal furnaces is heated 
directly as in the charcoal piles, that is, the wood itself is ignited in them; 
the other part of the charcoal furnaces has a special firing which causes the 
cliarring oi the contents. In the second type the receptacles for the wood 
are in the shape either of boxes or cylinders (retorts). 

The products of distillation are condensed in condensers and cooling appa- 
ratus of which the former act by air cooling whereas the real cooling towers 
must be fitted with elaborate water cooling. The principle of counter -currents 
has proved most effective. 

The products of distillation are caught in wooden troughs or collecting 
boxes which are fitted with cocks at different levels so as to facilitate 
the removal of the different layers. 

It is advantageous in charcoal burning to use wood which has been air-dried 
or still better specially dried. The distillation lasts 12 — 16 hours. During the 
first 10 hours the temperature must not rise above 360®, after that it may be 
gradually increased until 430® is reached. 

The products of distillation are collected in receivers fitted with cocks at 
different heights by means of which the different layers may be separated. 

The gaseous products of distillation are ignited and the appearance of the 
flame shows the state of the process. The condensed products of distillation 
are allowed to stand several days when the wood vinegar separates from the 
tar. Charcoal is obtained as a residue in the retorts. 

I'or a long time efforts have been made to find a process by which wood 
residues may with advantage be submitted to dry distillation. The difficulties 
m the distillation of wood residues lie in the high percentage of water, the 
amount of resinous constituents, the large volume, and the low heat-con- 
ductivity. The latter prevents the heat penetrating into the interior of the 
retorts; the water — if the material has not been previously dried — dilutes, 
the liquid products of distillation; the large volume lessens the yield of distilla- 
tion product from a given size of retort, and the sawdust, &c. because of the 
resinous constituents present always have a tendency to cake, and form crusts 
the hot walls. Numerous patents have been taken out for processes 
'vhich aim at removing this drawback, but the matter is still in the experimental 
stage and it cannot as yet be said that the distillation of wood waste has become 
a rational and profitable process. 

A new charcoal-burning process of the firm F. H. Meyer, Hannover, for 
jvhich a patent has been applied, appears to be of importance. In this process 
hy making use of the latent heat of the vapours of wood vinegar and tar 
^ they escape from the retorts, in an apparatus placed between retort and 
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condenser, a wood spirit (the so called “light vinegar”) absolutely free from 
tar is obtained from the retorts directly and without a second distillation. 
Thifl^ neutralized with lime and evaporated, gives a grey calcium acetate of 
great purity. Further by the distillation of pine wood, the whole of the crude 
turpentine oil is obtained from the retorts separated from the wood vinegar 
(which is free from tar) and from the pine tar. In this way expenses due to 
apparatus, steam, cooling water and even wages may be diminished. More 
recently, processes have been introduced in which superheated steam is used, 
some of these seem to be of great promise. The products of wood distillation 
are further worked up, the pyrolimeous acid for methyl alcohol, acetic acid 
and acetone (q. v.), the tar for lignt and heavy oils. 

Charcoal baming: 

Wernor Pfleiderer & Perkins Ld., Peterborough, 

Equipment for Chemical Works. 

Friedrich Heckraann, Berlin SO. 16, Briickenstr. 6b (see advts.), 

Werner Pfleiderer & Perkins Ld,, Peterborough. 

Earthenware apparatus for Chemical Works. 

Westdeutsche Stoinzeug - Chamotte- und Dinaswerke G. m. b, H., Ruskirohea, Rhoitvliva i 
(Germany) (see front part advt. p.). 

Chemical apparatus of all kinds. 

Wegelin & Huebner A.-Q„ Halle a, d. S., Germany. 

Chemical Plant, Enamelled (acid-proof). 

C. Harzer & Co., Finsbury Pavement House, London E.C. 

Chemical cleaning. By chemical cleaning is understood a chemical 
process in which the articles to be cleaned are dipped in a fluid which dissolves 
fat without saponification or emulsion. Compare „Deutsche Farber 2 eitung“ 
1903, No. 34. 

The most popular chemical cleaning is carried out by means of benzine 
(petroleum benzine), so that the whole process is often simply called Benzine 
WASHING. The articles to be cleaned are carefully sorted according to colour 
and degree of dirt, which latter is previously removed mechanically so far as 
is possible, by heating and brushing. Then the goods are thoroughly dried, 
for none but perfectly dry textiles are cleaned by benzine. 

The cleaning itself by benzine is carried out in benzine washing machines 
in which the goods and the benzine are rocked and rubbed together. Usually 
the goods are only passed through two benzine washing machines, remaining 
in each for about 15 minutes. The benzine is then removed from the goods 
by means of centrifugal machine. The goods are now examined and any 
remaining dirt or spots, removed by hand with a brush and a solution of ben- 
zine soap in benzine. Finally the goods are again rinsed in benzine, beaten 
and hung up to allow the odour of the remaining benzine to evaporate. Should 
the goods still show spots a wet washing must be carried out. This is done 
with soap and water on a washing board oy means of a hard brush, care being 
taken that the water is not over 26® C. After the wet washing the goods 
are put through weak NajCOg solution and finally rinsed in running water. 

The dirty benzine is purified by distillation. The inflammability of the 
benzine gives rise to a whole series of dangers, which explains why, for a 
long time, efforts have been made to find a substitute for it. Benzene, coal-tar 
benzene, which is also used in chemical cleaning has in this respect very 
little advantage over petroleum benzine. Carbon tetrachloride is much safer 
and has been patented for chemical cleaning under the name of Benzinofobm. 
Of. Cabbon tetbaohlobide. It is to be regretted that chloride of carbon is 
considerably more expensive than benzine, so that the latter still remains 
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the principal material used for chemical cleaning. The ignition of benzine 
in chemical cleaning establishments is caused, according to the experiments 
of M. Richter, by the spark discharge between the hand of the worker and 
the benzine. As a preventive for such spontaneous combustion, an addition of 
1/20 to ^/so % 0 ^ magnesium oleate has proved of great service. The protecting 
action is caused by the increase of the electric conductivity of the benzine 
by the magnesium compound. The patented name given to the magnesium 
oleate is Antibbnzinb pyrine. 

('hemigraphy. Under this term is understood as a rule, those processes of 
reproduction, in which the plates are produced with the aid of chemical 
agents. More especially is understood zinc etching, where a zinc plate is 
etched by means of acids. The strokes of the drawing, being made with a 
fatty colour, or put on the plate with such, are therefore left untouched by 
the acid, which enables the copies to be made in a printing press. 

Chemol. A cresol soap solution prepared from motacresol. It is a dis- 
infectant and antiseptic sold in original bottles of 100 , 250, 500 and 1000 g. 

Cherry, Essence of, see Fhutt-Essences. 

Chili saltpetre (Sodium nitrate NaNOg). The crude sodium nitrate — 
known under the name of Chili saltpetre (also soda saltpetre and Peru salt- 
petre) — occurs in Chili in the form of a salt mixture in layers about 1 metre 
thick. The amount of sodium nitrate present in this salt mixture (Caliche) 
varies from 40 to over 70 %. The Caliche is lixiviated either in open wrought 
iron pans heated directly with a flame, or still better in vertical cylinders 
heated by means of steam; the most advantageous appear to be the present 
dissolving vessels (11 metres long, 1.85 m wide, and 1.85 m high) which are 
heated by means of steam pipes. In these the crushed caliche is lixiviated 
with boiling water; the resulting lye is then run off into crystallising vessels 
where the crude saltpetre separates out. It is dirty and reddish-grey in colour, 
remains moist even after drying and crystallises in cubical rhombohedra 
(oubical saltpetre). Crude saltpetre contains between 94 — 97 % NaNO,; 
the ordinary Chili saltpetre used as a manure has on an average 95 — 95.5 % 
iVaNOg and 1 — 2 % NaCl. If the crude saltpetre is to be further purified 
this is carried out by recrystallisation ; it contains then besides NaNOg only 
a small amount of water. Pure NaNOg crystallises in large colourless trans- 
parent cubical rhombohedra. M. P. 316®— 319®. 100 parts H.O dissolve 
at 0 ® 79.75 pts., at 20® 89.55 pts., at 50® 111.13 pts., at 100® 168.2 pts., at 120® 
225.3 pts. NaNOg. 

In order to obtain NaNOg free from perchlorate the Germ. Pat. 165310 
recommends lixiviation with small quantities of cold water with constant 
stirring. The perchlorate remains undissolved. 

is used in large quantities for the manufacture of H 2 SO 4 , 
tllNOg and KNO3, many other products. It is further used for purif 3 dng 
caustic soda, as a manure, and for pickling meat. 

With regard to the experiments for preparing NaNOg from the nitrogen 
et the air, compare article on Nitric acid. 

lEST. In Hamburg and also in Chili it is customary only to determine 
the amount of impurities and consider the rest as NaNOg. As impurities are 
considered water, insoluble products, sodium chloride, sodium sulphate, 
potassium perchlorate. For determination of HgO the salt is dried at 120® 
N constant. The insoluble products are determined by dissolving 

. ^3 in hot water and weighing the residue (after drying at 100 ®) on a 

eighed ^ter paper. The H 2 SO 4 determination is carried out with BaGg; 
of G titnmetrically with AgNO,. K is determined with PtG 4 . The 
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perchlorate is determined as Mows:— 10 g NaNOg (the percentage of Q 
must be known) are strongly heated with the same amount of Na 2 COs free 
from chlorine in a large covered porcelain crucible until the fused mass becomes 
thin and only gives off small bubbles (this is the case after 10 minutes). After 
dissolving in HNO3 the Cl from the perchlorate is determined in the ordinary 
way. — The methods of determining the nitrates must be considered as known. 

According to Fresenius (Kongr. f. angew. Chemie, Berlin 1903) the in- 
direct analysis is to be rejected and a direct N determination must be carried 
out. The following methods are suitable: 

a) Reduction to NH3 and determination of same in usual manner (Ulioii 
and Devarda). 

b) Gas- volumetric method (Lunge and Schlosing-Grandeau). 

c) Driving off NgOj with quartz sand (Reich) and Persoy; — Heating 
with K2Cr207). 

China grass, sec Ramie. 

Chirosoter. Solution of waxy or balsam-like bodies in CCI4. Recommended 
as an antiseptic and preventive of infection. 

Chloracetic acids. 

1. Monochloracetic acid. CH2CI . COOH. This is prepared by various 
methods, but generally by the action of Cl on warm acetic acid in sunlight: 
iodine is usually added. It is more readily prepared by the action of chlorine 
or acetyl chloride in presence of phosphorus. It may also be prepared by the 
action of sulphuryl chloride on acetic acid. According to the Germ. Pat. 157811) 
the last method is carried out more successfully if acetyl chloride or acetic 
anhydride is added and the mixture gently warmed. According to this method 
60 kg acetic acid arc warmed to 55 — 60® with 150 kg sulphuryl-chloride and 
0.6 kg acetyl chloride. When the evolution of gas ceases the whole is heated 
to a temperature above the B, P. of the SOgClg and then allowed to cool. 
Pure monochloracetic acid then solidifies in a crystalline state. 

Crystals, M. P. 62®. B. P. 185 — 187®, deliquesce in air and dissolve in HgO 
causing a considerable lowering of temperature. In the form of vapour this 
substance has a caustic action and is used for etching. The main use of 
monochloracetic acid is in the preparation of artificial indigo. 

2. Dichloracetic acid. CHG2 • COOH. This is obtained (in addition 
to other methods) by warming K4FeC0Ng with chloral and water. The HCN in 
presence of chloral decomposes the water according to the following equation 

CGg . COH -f HgO + KCN = • ^^OH -f KCl -f HCN. 

It forms a strongly acid liquid B. P. 189 — 191® crystallizing below 0®. 

3. Trichloracetic acid. CCI3 . COOH. Obtained by the action of a 
solution of KMn04 upon a cone, solution of chloral. After filtering off the 
MnOo, the solution is saturated with H3PO4 and distilled. 

Deliquescent crystals, very soluble in water. M. P. 55®. B. P. 195®. 
Frequently used in medicine as a caustic. 

Chloral. Triohloraldbhyde. CCI3 . COH. Obtained by the action of Cl 
on alcohol. Chlorine is led through rectified spirits (96 — 97 vol. %) for several 
days, and the HCl formed is collected in suitable vessels. The product of the 
reaction is first heated with H2SO4 under a reflux condenser till no more HCl 
is evolved, after which the chloral is distilled off. It is purified by distillation. 

The process patented by the Germ. Pat. 133021 renders it possible to obtain 
chloral continuously in closed vessels. The peculiarity of this method is that 
the alcohol, which is previously treated with chlorine, is acted upon in the 
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state of vapour by moist chlorine; the result being that all the alcoholate 
formed by the preliminary treatment is decomposed and the product when 
treated with H 2 SO. is free from alcohol and chloral alcoholate and consists 
only of chloral and chloral hydrate. Thus the decomposition with H2SO4 
yields a chloral free from ether. 

At present chloral is often manufactured electrolytically. A distillation 
vessel, separated by a diaphragm and filled with a hot solution of KCl, is 
used. As cathode a copper rod, and as anode a carbon rod, which at the 
same time serves for stirring the mixture are used. The mixture is kept at 
about 100®, and during this time alcohol is introduced gradually into the 
anode chamber. The Cl developed reacts on the alcohol, while the HCl 
simultaneously formed in the cathode chamber neutralises the KOH there 
formed. After this process is finished the mixture is distilled, and the chloral 
is separated by saturating the distillate with salt. 1 HP. per hour 3deld8 60 g 
of chloral. 

It is a colourless, oily fluid with a peculiar, penetrating smell. The vapours 
affect the eyes causing tears. B. P. 94.4®. With water, acids, alcohol, fec.^it 
forms condensation-products with loss of water. 

A solid polymeric chloral is obtained according to the Germ. Pat. 139392 
by adding about 7 percent of dry A^Clg to chloral, care being taken that the 
temperature does not exceed 40®. After cooling the product of the reaction 
is treated with HgO or dilute mineral acids when the polymeric chloral is 
left as a white solid. This is then removed, washed first with water, then with 
alcohol and finally dried at a moderate temperature. The preparation is 
almost tasteless and has strong narcotic properties. It is used in medical 
practice. A solid polymeric chloral is also obtained, according to the Amer. 
Pat. 768744 by allowing pyridine to drop into cooled chloral with continual 
stirring until the substance begins to solidify. It is then shaken with dilute 
HCl, after which the residue is separated from the liquid, washed and finally dried. 

The Germ. Pat. 170534 protects a method for the preparation of a solid 
modification of chloral from chloral hydrate or chloral alcoholate. The chloral 
(or alcoholate) is allowed to stand with cone. H2SO4 until a white pasty mass 
is formed. After pouring off the H2SO4 the mass is introduced in small quan- 
tities at a time into dilute HCl or H2SO4. When it has become solid, it is 
drained and the acid removed by washing with a small quantity of cold water 
pd dried in vacuo over H2SO4. This substance can be given internally since 
it is only slightly soluble in water and so does not attack the mucous membrane 
of the stomach as does chloral. 

/CCI3 

Chloral acetone chloroform (CH3)2C<^ 

^0 . CH(OH) . CQs. 

This substance, according to Germ. Pat. 151188 is obtained by fusing 
chloral hydrate with acetone chloroform. The product of the reaction which 
18 solid, is dissolved in a suitable hot solvent from which it is then allowed to 
crystallise. 

It forms white crystalline needles which smell and taste like camphor, 

M. P. 650. The crystals dissolve readily in alcohol, ether and benzine, but 
dissolve but little in HgO. H2SO4 decomposes it into chloral and acetone 
chloroform. 

It is said to be an effective narcotic with local anaesthetic qualities, but 
without the bad after-effects of chloral. 

Chloral amide, CCI3 . CH(OH)NH . COH. This product is obtained by the 
action of chloral on formamide at the ordinary temperature or by treating 
chloral ammonia with an ester of formic acid. 

Blucher. 1 1 
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It forms shining bitter crystals, without smell, which dissolve slowly in 
H,0. M. P. 114 — 1150 . 

Chloral formamide is used in medicine as a narcotic. 

Chloralhydrate. CCI 3 . CH(OH) 2 . When chloral is mixed with 12,2 % KO 
the liquid solidifies to a crystalline mass which is best purified by 
reorystallisation from benzene. 

The chloralhydrate thus purified forms long sharp needles, which later 
change into small-grained crystals. The product has an aromatic smell and 
has a sharp acrid taste. It dissolves readily in water and in alcohol and ether. 
M. P. 67 — 68®. B. P. 96 — 98®. It is extensively used as a narcotic. 

According to a lecture given by Sohaer at the International Congress for 
Applied Chemistry, Berlin 1903, strong solutions of chloral hydrate can be 
used with great advantage in forensic examinations and in testing medicines 
and foods, and also in technical analysis. 

Test. For the quantitative determination of chloral hydrate use is made 
of the fact that when treated with potassium hydroxide it decomposes quanti- 
tavely in the cold, into chloroform and potassium formate. 5 g of chloral 
hydrate are dissolved in 60 ccm of N potassium hydroxide; to this phenolph- 
thalein is added and the excess of alkali titrated at once with N. hydrochloric 
acid. The potassium hydroxide required for decomposition is then multiplied 
by 0.16538, to obtain the amount of chloral hydrate in the 5 g of substance 
taken. If the chloral hydrate contains any uncombined HCl 10 g is placed in a 
100 cc flask, 0,5 g of calcium carbonate and 60 ccm of water are added, and 
the whole well shaken for some minutes. The flask is then filled up to the 
mark, well mixed and filtered. 50 ccm of the filtrate are then poured into 
60 ccm of normal potassium hydroxide and the rest of the test carried out as 
described above. 

Ohloranil, see Quinones. 

Ohlorbenzoic acids. CeH 4 Cl . COgH. The o-chlorbenzoic acid has now 
become the most important of the three isomers, since the synthesis of indigo 
according to the Germ. Pat. 125456, 142506 and 142607 (see “Indigo colours ’) 
is only successful if this substance can be cheaply prepared. 

A practicable method of preparing o*chlorbenzoic acid has apparently 
been found by Dimroth (Ber. d. Deutsch, chem. Ges. 35.2870). He obtains 
an anhydro-o-oxymercuric'benzoic acid by heating mercuric benzoate. 
The former substance is transformed into an o-halogenbenzoic acid when 
treated with a halogen. 

According to the Germ. Pat. 146174 a better yield of o-chlorbenzoic 
acid is obtained by chlorinating the benzoic acid in dilute solution with alkali 
and chlorine in molecular proportions, or with the corresponding amount 
of hypochlorite at a temperature not exceeding 60®. Under these conditions 
it is possible to conduct the chlorination of benzoic acid in such a manner 
that of the three possible chlorbenzoic acids the o -compounds are obtained in 
quantities which make the process applicable on a commercial scale. 

Chlorhydrine. This name is given to the chlorine esters of glycerine. The 
most important of these substances, from a technical point of view, are di* 
chlorhydrine and epichlorhydrine. 

1 . Dichlorhydrine CHgCl . CH(OH) . CH 2 CI. This substance is formed 
by heating anhydrous glycerine with cliloride of sulphur in common salt bath 
for several hours. CgHsOa + 2 = CaHeCl^O + SO^ + 3 S + 2 HG. It 

is a colourless almost odourless syrupy substance, soluble in about 10 volumes 
of HjO. S. G. at 16® 1.396. B. P. 176—177®. Its use in industry 
is on the increase, as it is an excellent solvent for resins, nitro- 
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cellulose, &c. Further it is not readily inflammable at the ordinary 
working temperature. 

2. Epichloehydrinb. CHjC — CH — 

This substance is formed when dichlorhydrine (see above) is heated 
about half its weight of powdered NaOH to a temperature not exceeding 130 . 

It is a mobile liquid having a smell like that of cMoroforni. S. G. at 15 1;191, 

B P.117®. It is as good a solvent as dichlorhydrine, and is used as extensively 
as this substance for the same purposes. 

Chlorine. Cl. Atomic weight = 36,45. Chlorine is isolated by different 
methods 1. from HCl, or NaCl + HgSO^, and manganese dioxide, or 2. from 
HCl and air, 3. from chlorides, 4 by using HNO^and 6. by electrolysis. L Pre- 
paration of chlorine from manganese dioxide. The mixture of NaU + 
formerly used is now usually replaced by starting directly from HU, which 
process is carried out in vessels of earthenware, sandstone or granite, some- 
times also, though more rarely in vessels of lead, or of iron enamelled or lined 
with lead. The manganese dioxide is placed in a hanging funnel inside the 
vessel. The reaction corresponds to the equation: 

Mn02 + 4 HCl = Cla + MnClj + 2 Efi. 

The work is first carried out in the cold, and when the current of Cl be^ns to 
slacken, steam is introduced to raise the temperature. The chlorme is best 
led away in earthenware pipes. . , . . n 

The acid manganese liquor left as a residue in this process is generally 
treated by Weldon’s lime process. The liquor is neutralised with ground 
CaCOg (and is thus freed from iron). After settling, the liquor contammg 
MnClj and CaCL is put in a cylinder where it is precipitated with Didk of lime. 
After some hours, air is blown automatically into the mixture. Weldon s 
process is founded on the fact that the manganous hydroxide tlms precipitated 
in presence of lime readily absorbs the oxygen of the atmosphere. 

2 MnUa -j- 3 CaO -f Og = CaO 2 MnOj -f 2 CaU^. 

By this process Mn02 ^ agfl'in obtained from this substance when it is 
kept at 60 — 60®; this Mn02 is again used for chlorine generation. 

2. The manufacture of chlorine from HCl and air. Deacon s process. 
A mixture of HCl and air is conducted over clay balls which are saturated 
with some copper salt and heated. Cl is evolved and chloride of copper remains 
unchanged on the clay balls. This process which apparently consists in the 
“contact action” of the copper salt is in principle very simple. In practice 
however it has many disadvantages which till now have prevented it frem 
being generally used. The temperature is usually raised to 370 400°. The 
HCl must contain no H2SO4 and be as dry as possible. The amount obtained 
depends not only on the temperature but also on the relative proportion 
of the HCl and air in the gas mixture. According to Germ Pat. 146744 the 
mixture of HCl air is not heated, but only the air itself, after which the two 
gases are mixed and conducted over the contact substance. The Germ. Fat. 
143828 gives a method for avoiding one disadvantage the Deacon process has, 
riz., that the impregnated clay balls gradually lose theCu salt which volatilise 
as CuClg. The method given in the above patent for the prevention of this 
is so to arrange the decomposer so that it forms a circular apparatus system m 
which the Cu salt volatilizes without being able to escape. The Germ. Pat. 
150226 makes use of a contact substance 01 oxides or salts (chlorides), of rare 
earths such as thorium, cerium, lanthanum, yttrium, &c. Over this contact 
substance the HCl — air mixture is passed. 

a* 
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3. Preparation of chlorine from chlorides. For this purpose MgClg; ^*^^2 
as well as NH4CI are used. The MgClg is usually either dried alone or as a 
mixture with MgO, then formed into grains or cakes and decomposed in a hot 
blast furnace or in a current of hot air. MgClg -f 0 = MgO -}- Clg. It is more 
difficult to decompose CaCL ; which is therefore always mixed with materials 
containing either silicic acid or alumina and decomposed in high towers into 
which producer gas is conducted. 

Chlorine is made from NH4CI by dissociati]^ this salt into NH3 and HCl 
by heating to a temperature of about 350®. The vapour is conducted over 
MgO, which at a low temperature combines with the HCl to form the chloride 
according to the following equations 

2 Ha + MgO = MgQa + H^O. 

2 Ha 4- 2 MgO = MgaOag -f H^O. ^,1 

The unabsorbed NH3 is drawn off for further use, and from the oxychloride, 
which must be quite dry, the a is obtained by heating in a current of dry air. 

4. Preparation of chlorine by the use of HNO3. Of the various processes 
known for this purpose, that of Donald seems to be of the most practical 
value. Dry gaseous Ha is conducted through a mixture of HNO3 and H^SOi 
which is cooled to 0® 

2 Ha + 2 HNO3 = CI3 4- N3O4 4- 2 H3O. 

By passing the gas mixture through dilute' HNO3, the N2O4 is decomposed. 
The rest of the nitrogen oxide is removed by H2SO4. 

6. Chlorine manufacture by electrolysis. This method, now that the 
difficulties of the electrolytical alkali chloride process have been surmounted, 
has become of great importance. Compare the article under the heading ot 
Chlorine-alkali process, electrolytical. For producing clilorine for use in 
laboratories, the method involving the use of KMn04 4- HCl was recommended 
by Graebe of Geneva, in a lecture given at the 75th meeting of German 
Physicians and Natural Scientists at Cassel in 1903. 

Chlorine at normal temperatures is a greenish -yellow gas with a penetrating 
choking smell. It is extremely poisonous and destructive. Under a pressure 
of 6 atm. at normal temperatures it condenses to a dark yellow liquid. The 

S. G. of gaseous chlorine is 2.45. 1 litre weighs 3.17 g at 0® and 760 mm 
pressure. — The gas dissolves readily in water (at 20® about double the volume, 
at 8® about three times the volume; the solution being then of a greenish- 
yellow colour). The chlorine water on cooling to 0® gives crystals of chlorine 
hydrate Clj -f 8 HgO. Liquid chlorine has according to Lange the following 
properties. S. G. 1.469 at 0®, 1.426 at 15®, 1.381 at 30®. Vapour pressure 
3,7 at 0®, 5.8 at 15®, 8.7 at 30®. 1 kg at 0® and 760 mm pressure yields 316 litres 
of gas. Critical temperature 146®. Critical pressure 93.5 atm. Boiling point 
at 760 mm — 33.6®. Melting point of the solid — 102®. 

Liquid chlorine has become of importance as it is now in such general use, 
even to a certain extent taking the place of bleaching powder for purposes 
for which this substance was formerly exclusively used. According to Germ- 
Pat. 50329 pumps are used for compressing this gas, in which those parts 
which come in contact with the gas are covered with concentrated H2SO4, 
which also serves as a lubricant. At present it is becoming more and more gene- 
ral simply to cool the a in refrigerators so that it liquefies at normal pressures. 
It is a curious fact that compressed and liquid chlorine in an absolute dry 
condition is entirely without actionon cast iron, wrought iron, steel, Cu, Zn, Ph, 
brass or phosphor bronze; only as stated every trace of moisture must be 
absent. Liquid chlorine is thus brought to the market in bronze, steel 
or lead-linea iron vessels. 

For chlorine for bleaching, see Bleachino. 
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Chlorine-Developer : 

Fr. Chr, Flkentscber, Ltd. Zwickau Sa., Germany (see front part advt.). 

Chlorine-Developing vessels o! Earthenware: 

Westdeutscho Steinzeug-Chainotte- und Dinaswerke 0. in. b. H., Kuskircben, Rheinland 
((Jermany) (see front part advt. p.). 


Chlorine-alkali Process, electrolytical. This is unquestionably the most 
important of those electrolytical processes which are based on the decomposition of 
aqueous electrolytes. By the name chlorine-alkali process is understood the 
method in which chlorine and the alkalies are simultaneously prepared. The 
simple decomposition according to the equation NaCl = Na -f Cl in which Cl 
is liberated at the anode, while metallic Na separates at the cathode, is com- 
plicated to quite a considerable extent by secondary reactions. In the first 
instance the Na combines with the HgO of the electrolyte to form NaOH, 
and as the caustic alkalies have at least four times the market value of the 
alkali chlorides the preparation of NaOH from NaCl (or of KOH from KCl) 
is of considerable value. Unfortunately, the above is not the only 
change that occurs but the sum of the reactions taking place during 
electrolysis. On the contrary a number of other processes take place simul- 
taiK^ously, which disadvantageously influence the success of the whole pro- 
cedure, and in fact under some circumstances render it financially worthless. 

The caustic alkalies (potassium and sodium hydroxide) which are formed 
during electrolysis are themselves good conductors of electricity. They are 
therefore again decomposed and thus oxygen is set free at the anode as well 
as the primary product, chlorine, while hydrogen appears at the cathode. 
Thus the difficulty of a continuous process in which electrical energy is 
used without being of any practical value has to be faced. These undesirable 
secondary reactions causing the decomposition of the caustic alkali become 
more marked as the amount of alkali increases, the decomposition being 


proportional to the strength of the solution. 

(Hher reactions also take place, which it is true are useful in some cases 
and are then carried out; they must be considered injurious and dis-ad- 
vantageous, however, in the electro-chemical manufacture of caustic alkalies, 
I'"or example one of the reactions in question is the formation of hypochlorite 
through the action of chlorine on the caustic alkali at the anode. This secon- 
dary reaction corresponds to the equation : 2NaOH -f 2C1 = NaOCl + NaCl 
-f HjO. Further a part, or indeed the whole of the alkaline hypochlorite 
can be oxidised by the oxygen developed at the anode, with the formation 
of chlorate in accordance with the equation: NaOCl + 02 = NaClOg. 

These above mentioned secondary reactions are by no means all that 
occur. For example the hypochlorite is further decomposed by the electro- 
lysis forming caustic alkali, hydrogen, hypochlorous acid and oxygen, while 
the chlorates are electrolysed into caustic alkali, hydrogen, chloric acid and 
Oxygen. Finally those portions of the hypochlorites and chlorates which reach 
the cathode through diffusion, or which reach it by means of the electrolytes, 
are reduced by the hydrogen there liberated and thus form alkaline chlorides, 
that is, the same combination is again formed as that which existed at the 
beginning of the electrolytical process. 

For the manufacture oi caustic alkalies it is absolutely necessary to prevent 
the harmful retarding secondary reactions above described, or at least to 
reduce them as far as possible, and for this purpose there have been proposed 
several remedies which will be explained at length in the following pages. 

a) Diaphragm Process. The decomposition cell can be separated into 
two compa,rtmentB by a membrane through which the current can pass, each 
ot which divisions will then contain an electrode. These are called the deoom- 
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position cells of the electrode in question, the anode cell and the cathode 
cell. The membrane forming the partition is termed the diaphragm. 

The „alkali process with diaphragm“, the so called diaphragm process, 
owes its development principally to the ‘ ‘Electron* ‘Chemical Factory, Griesheim! 
Many difficulties had to be overcome and there are many more which will 
never be overcome, for they form an integral part of the process itself. The 
material of the di^hragm is a subject on which no settled conclusion has 
yet been' reached. The diaphragms must be proof against the effects of chlorine 
and alkali, must have little or no electric resistance and finally must be able 
to prevent as far as possible the diffusion of the alkali into the anode cell. 
We can mention as most practicable a diaphragm of porous Portland cement, 
one of asbestos prepared with sand or infusorial earth, and finally a diaphragm 
in the form of a moulded sheet of soap. 

The diaphragm of burnt porous clay, as used in the form of clay cells for 
galvanic batteries, has proved less practical for this purpose. To prevent the 
Further decomposition of the alkali, alluded to above, the concentration 
must not be greatly increased when making use of the diaphragm process, 
as the decomposition increases with the contents of caustic alkali. Therefore 
the caustic lye must be drawn off as soon as it contains 10 — 12 % of alkali. 
When it is further calculated that the diaphragm process can only work with 
a weak current, to lessen the destruction of the diaphragm and the carbon 
anode, which is effected by the oxygen there developed, and further, that the 
diaphragm can never completely prevent diffusion, we have mentioned the 
principal disadvantages of the diaphragm method of the electro-chemical 
alkali process. Despite these disadvantages the process in question has gradu- 
ally been made more and more practical and it yields quite respectable 
financial results. Another disadvantage this process has, which the mercury 
process detailed below does not possess, is that the lye which has to be reduced 
after the electrolysis, contains, besides the caustic alkalies formed, also a 
great deal of the original chloride. 

That despite this the diaphragm can hold its own against the mercury 
process is due to the circumstance, that the chloride can be separated much 
more rapidly and readily by the reduction of the lye than would be expected 
judging from its solubility. This is due to the strong „salting out“ action of 
the caustic alkali in concentrated aqueous solution. 

The circumstance that in the diaphragm process diffusion between the 
anode and cathode cells is never quite prevented, explains why at most 80 % 
of the theoretical yield is obtained. This fault the Germ. Pat. 144392 end- 
eavours to make good by introducing an intermediate cell between the anode 
and cathode. Each of tne three cells is fed separately and the middle cell is 
supplied with a metallic peroxide. By heating the electrolyte the level of the 
columns of liquid is maintained at a different height in the middle cell and 
the cathode cell on the one hand, and in middle cell and the anode cell on the 
other, so that by means of the osmotic pressure the cathode fluid and the 
anode fluid penetrate into the middle cell in proportions mecessary for the 
formation of the alkali chloride, thus producing by their combination a new 
supply of the electrolyte in the middle cell. It is a good plan to let the cathode 
fluid flow by hydraulic pressure or counter pressure through several sepa- 
rate cells from such varied heights that the difference between inner and 
onter pressure increases with the increasing amount of caustic soda in the 
liquid. 

As to the question of the electrodes the cathode can be formed of any metal. 
Grenerally the decomposition vessel itself serves as cathode, being made of 
cast iron or wrought iron. On the other hand there are few materials which 
are good conductors and, at the same time, suitable for electrodes, or 
which can resist the action of substances such as chlorine and oxygen, and 
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the hypochlorous and chloric acids which are formed at the anode. In practice 
as a matter of fact, the anodes are almost always either carbon rods or 
carbon prisms. The rods or prisms are either made of Retort Graphite 
(q. V.), or formed of artificial carbon by compressing a mixture 
of anthracite and tar under several atmospheres and then heating the pieces 
for a considerable time to about 1000® C cf. Electric Carbons. 

The French. Pat. 390963 protects a process in which the electrolysis of 
alkaline chloride solutions is carried out by the use of a diaphragm and anodes 
of copper. It is said that in this case hypochlorites and chlorates are not 
formed and further, that in addition to the caustic alkalies CuC^ is obtained 
by the action of Cl on the copper anode in the form of powder which is later 
converted into CUSO 4 by means of concentrated H 2 SO 4 . This process is pro- 
bably of no great practical value. 

b) Mercury Process. In this method the alkali metal set free at the 
cathode is, as soon as liberated, alloyed with mercury. In this case the Na or 
the K is prevented from attacking the water of the electrolyte, and instead 
of this dissolves in the mercury, thus forming sodium or potassium amalgam. 
It is true the caustic alkali desired is so far not prepared, but this can be 
done without difficulty by bringing the amalgam into contact with water. 
The mercury then separates while the alkali metal combines with the water 
to form caustic alkali. 

The process in question as may be easily understood can be carried out in 
many ways, and indeed very varied methods of procedure are adopted. 

One kind of difficulty with which the diaphragm process has to contend is 
avoided in the mercury process from the beginning viz. the troubles which 
arise from the presence of the solid diaphragm. These are difficulties that 
are absent when Hg, which may be regarded in a sense as a liquid diaphragm 
is used. On the other hand, however, the mercury process had, at the beginning, 
many other shortcomings. For a long time there was no known way of pre- 
venting the amalgam which is of lower density from floating on the mercury. 
The mercury lying under the amalgam was not able to come in contact with 
the newly-formed alkali metal while the amalgam because of its increasing 
content of alkali metal underwent further decomposition. This objection 
has now been done away with, the best preventive apparently being the 
method given by Castner. Castner’s apparatus consists of a rocking trough 
which is shallow and divided by two partitions. The partitions do not 
rcach quite to the bottom of the trough, the open part being shut off as it were 
by the Hg which is poured into the vessel. In the one part of the trough the 
NaCl or KCl solution which is introduced, is electrolyticaUy decomposed, 
the Cl is led off, and the Na or K dissolves in the Hg. As, however, the Hg 
m the trough is rocked to and fro, the amalgam which forms must pass into 
the other part of the trough where it becomes attacked by the pure water 
with formation of a caustic lye and evolution of H. Further details of the 
matter can not be given here. The alkaline lyes produced by the mercury 
method is free from chloride, an advantage over tne diaphragm method on 
the one hand, while on the other hand they are not so concentrated and 
nerefore require a much longer process of concentration than the lyes ob- 
tained by the other method. 

th ^ 142713 protects an apparatus for the mercury method, where 

he iron bottom plate is insulated as regards the greater part of its surface, 
rom the Hg lying over it, with which is it only connected W a conductor 

small cross-section. In the apparatus described in the Germ. Pat. 146749 the 

^rips over upright or slanting iron plates closely fitted with narrow grooves. 
.V object of this is to counteract the great increase of surface tension of 
^ e descending amalgam. A combination of the diaphragm and mercury 
process is aimed at in the Danish. Pat. 8629 (1906). 
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o) Bell Method. The so-called bell method is in principle a compromise 
between' the diaphragm and the mercury methods. In to a shallow trough 
a^bell dips, in which hangs the carbon (fisc-shaped anode which is nearly as 
great in diameter as the vessel. The iron cathodes dip into the electrolyte 
out-side the bell. The electrolyte is conducted by a continuous current into 
the bell and flows over the edges of the trough charged with caustic alkali. 
According to the work of Adolph (Zeitschrift fiir Electrochemie 1901, 681) 
the bell method is based on the fact that between the solution in the anode 
bell and that out-side in the cathode space a liquid diaphragm-like separating 
layer is formed and kept automatically intact by the difierent densities of 
the fluids. 

The effect is said to be more complete than in the diaphragm process. 
The bell method permits of much more concentrated alkaline lyes being formed 
(100— 160 g caustic alkali in 1 litre) without affecting the initial current, 
provided, — this is remarkable — that the anode is of carbon and not of 
platinum. 

The bell method is also known under the name of the Aussio method, 
because it originated in the chemical factory of Aussio. The process is pro- 
tected by the Germ. Pat. 141187. Its application has been already extended, 
its success being duo to its great and indisputable advantages. 

The Germ. Pat. 107917 and 142246 deal witn a bell apparatus for chlorine - 
alkali electrolysis in which the horizontally placed anode is surrounded bv 
the bell while the cathode is kept outside. The cathode lye flows off through 
several symmetrically placed openings. 

The most valuable products of the electrolytic chlorine -alkali process are 
NaOH and KOH. Of course it is possible to obtain the carbonates (KjCOj 
and NaaCOg) instead of the hydroxides, by conducting COg into the caustic 
alkali lye while it is being formed or after it is formed. But such procedure 
would be neither adventageous nor economical, because the great amount 
of energy expended on the production of the caustic alkalies would to a large 
extent be wasted. 

The fact that the Cl, which is valuable industrially separates at the anode 
and that if special preventive measures are not taken hypochlorites are formed 
has led to the introduction of processes which aim at the direct electrolytical 
production of bleaching liquors containing hypochlorites. In the Hermite 
process, for example, a solution of magnesium cnloride to which 6 % rock salt 
and 0.6 % sea salt is added, is subjected to electrolysis (6 volts) to form a 
bleaching liquor which contains hypochlorous, chlorous and chloric acids. 

In the production of hypochlorites a principal source of loss of current is 
the partial reduction of the hypochlorites at the cathode. The Germ. Pat. 
141372 carries out the electrolysis in the presence of compounds of the alkaline 
earths and a small quantity of solutions of resins in order to reduce the bss 
of current as far as possible, and to obtain highly concentrated hypochlorite 
solutions. If, for example, 14 litres of a 10 % NaCl solution with 40 g CaCl 2 , 
30 g Ca(OH )2 and 60ccm of resin solution made by dissolving colophony 
in soda solution be electrolysed with 126 amp, after 1 hour 9 g of active 
Cl per 1 litre will be present ; after 3 hours there will be 23 g, after 6 hours 
33.6 g of Cl per litre, in the form of hypochlorite. 

If the principal object be the formation oi chlorates and perchlorates by the 
secondary electrcjlytic reactions, there are various conditions which have 
to be observed. T?he methods which have been published differ very greatly 
in respect of the strength of the electrolyte, temperature, the current den- 
sity &o. But all agree in one respect that warm solutions of the alkaline 
chlorides must be used. All the methods agree that the electrolyte must be 
alkaline and not neutral If KCl solution is decomposed for the purpose of 
obtaining KClOg potassium hydroxide must be added and continually sifppUed 
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go as to keep the electrolyte alkaline. Other methods recommend the addition 
of KgCOg instead of potassium hydroxide. 

According to Germ. rat. 136678 small quantities of chromic acid or bichromate 
are added for the electrolytic production of chlorates and perchlorates. HCl 
in solution is added continuously in small amounts during the process of 
electrolysis in order to keep the chromic acid in the state of bichromate and 
not as chromate. 

After the process is finished the anode liquid is evaporated, and the mixture 
of KCl and KClOg separated by recrystalhsation. Platinum seems to be the 
only suitable anode for the production of chlorates. The cathode is usually 
of iron. 

It should be noticed that some of the apparatus used for the electrochemical 
manufacture of chlorates are fitted with a diaphragm, others again are used 
without any such appliance. According to the Germ. Pat. 141372, described 
above, chlorates are obtained if one alteration in the method of procedure 
is made, that of electrolysing in hot instead of in cold solutions. According 
to the Germ. Pat. 143347 a greater current power is exerted on the electro- 
lyte at the anode than at the cathode for the purpose of obtaining chlorates 
and perchlorates. Part of the current is in this esuse diverted from the anode 
to an assistant cathode placed in a cell divided from the actual decomposition 
vessel by a porous partition; when this arrangement is used there is always 
a certain amount of hypochlorous acid in the solution, which is easily acted 
upon and rapidly converted into chloric acid. This combines with the alka- 
line hypochlorite to form a chlorate and hypochlorous acid is again set free. 

The Germ. Pat. 144109 deals with the continuous formation of chlorates 
by allowing the solution to be electrolysed to flow without intermission 
through cells which have no diaphragm, keeping it at such a temperature 
( 40 — 95 ®) and so regulating the rapidity of flow, that on the one hand any 
hypochlorite which is formed must be again decomposed, while on the other 
hand the liquor which flows out contains little more than 3 % of chlorate. 

According to the Germ. Pat. 163869 fluorine compounds are added to the 
electrolyte tor the manufacture of salts of the halogen acids. With addition 
of these compounds a much larger yield of chlorate is obtained by the electro- 
lysis of warm KCl or NaCl solution, without the use of a diaphragm. The 
fluorine should be in the form of HF or in the form of such compounds as 
develop free HF in electrolysis. 

The Germ. Pat. 159747 advises the addition of a small quantity of chloride 
of lime solution to the electrolytes for obtaining chlorates. The process should 
be carried out with a current strength of 1000 amp. to 1 sq. m. of cathode 
surface at a temperature of 80 — 100®. 

In this way it is said that an excess of lime will be deposited at the cathode, 
which will lessen the reduction, while at the same time hypochlorous acids 
will immediately form at the anode, which will hasten the formation of chlorate 
by their oxidising properties. 

According to the French. Pat. 339261 small quantities of resin, salts 
of the alkaline earths and dilute HCl are added to the electrolyte in the 
preparation of chlorates and perchlorates. 

According to the Amer. Pat. 788631 chlorates and perchlorates are simul- 
taneously obtained by electrolysis, if chloride of lead is added to the electro- 
vlo. In this case hydroxide of lead is precipitated which is transformed into 
peroxide of lead. 

Until r^ently the process of obtaining caustic alkalies by electrolysis was 
oply considered feasible with aqueous solutions as electrolyte and the jwssi- 
bihty of making use of a fused electrolyte was not seriously entertained. 

^owever, this idea has gained ground, and as reported on the best 
a-uthority the AokbrJ; process for the manufacture of NaOH is thoroughly 
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practical and a financial success. The process in itself is not quite new, 
as shown by the number of the patent (114739) but it has taken a long time 
to find out how the many difficulties connected with it may be overcome. 
In this so-called Acker Process fused NaCJl is electrolysed; graphite cylinders 
serve as the anodes, and fused lead as the cathodes. The lead flows rapidly 
through the decomposition furnace and takes up 4 % of Na. The lead which 
is alloyed with Na is subjected to a steam jet at a pressure of 3 atm. which 
keeps the alloy in motion and then converts the Na into NaOH. The tempe- 
rature is kept just above the melting point of the NaCl without external 
heating by the heat of the current alone. The hydrogen bums at the mouth 
of the furnace, from which also the molten NaOH flows continuously into 
the receiver in which it solidifies. The Cl is drawn off through a ventilator; 
the yield exceeds 90 %. Each furnace is worked with 8000 amp. The only 
disadvantage reported is that 6.76 v are necessary whereas only 4.5 volts 
are needed for the wet process. 

Chlorine compounds. The chlorides are described under the various metallic 
and radical compounds o. g. chloride of calcium under calcium chloride, 
ethyl chloride under ethyl compounds. The same holds good in the case of 
chlorates and perchlorates. There are special articles on Carbon Tetra- 
chloride, Chloroform, Bleaching Powder, Hypochlorites. Compare 
further the article on Bleaching. Here follow only details on the subject of 
sulphur chloride, sulphur dichloride, sulphuryl chloride, thionyl chloride, 
chloric acid and chlorsulphonic acid. 

1. Chloride of Sulphur. Monochloride of sulphur SgClg. This compound 
is obtained by passing pure dry chlorine gas through melted sulphur which is 
heated to 126--130®. The SgClg formed is condensed in a well-cooled receiver. 
It stiU contains uncombined sulphur in solution and must be freed from this 
by repeated distillation. 

According to Germ. Pat. 49628 (now expiring) S 2 CI 2 is also formed 
by the action of S on fused potassium chlonde. 

2KC1 -f 3S = K 2 S -f S 2 CI 2 . 

S 0 CI 2 is a thick brownish liquid with a choking smell which fumes in air. 
S. G. at Qo 1.706, B. P. 138o. 

Sulphur monochloride is a good solvent for sulphur. It transforms linseed 
oil into varnish and rape- seed oil into a caoutchouc like material. It is mainly 
used for vulcanising caoutchouc. 

According to Rov D. Hall SgClg is a convenient agent in the preparation 
of metallic chlorides. If for instance the oxides of W, Mo, V, Fe, Cr 
or A1 are heated in S 2 CI 2 to 200°, they are transformed into the 
respective chlorides. 

2. Sulphur Dichloride. SGj obtained by saturating SgClg in the cold 
with Cl and then removing the excess of Cl by passing a current of dry CO 2 
through the liquid. It is a reddish brown oil S. G. 1.62 which decomposes 
at 64® into S 2 CI 2 -h CI 2 . 

3. Sulphuryl Chloride SfLClg. Formerly this substance was 
exclusively made by passing SOo and Cl into glacial acetic acid or 
the above-named gases were allowed to act upon camphor either 
alternately or together. 

According to Germ. Pat. 138531 both the gases are allowed to react in the 
liquid state in presence of substances which bring about combination. The 
reaction occurs almost immediately. Glacial acetic acid, camphor, formic 
acid &c. are used as contact substances. 

In another process, protected by the Germ. Pat. 129862, the sulphuryl 
chlonde is made by boiling chlor-sulphonic acid with mercury, mercuric 



Chlorofoem. 


171 


sulphate or some other suitable substance for 2 — 3 hours in a vessel fitted 
with a reflux -condenser. The reaction corresponds to the equation 

2 SO 2 OHCI = SO 2 CI 2 + S02(0H)2. 

If the temperature of the reflux condenser be kept at about 70° C, almost 
the whole or the SO2CI2 <^ver in the time mentioned. 

It is a colourless liquid which gives off pungent fumes when exposed to the 
air. S. G. 1.66 at 20°. It has a strong chlonnating action which leads to its 
being much used for making acetyl chloride, benzyl chloride &c. See Acetyl 
Chloride and Benzyl Chloride. A special method of chlorinating is protected 
l)y the Germ. Pat. 146796. The Germ. Pat. 160102 and 162394 protect methods 
for recovering the unused chlorinating agent, SO2CI2. 

4. Thionyl Chloride. SOCI3 was formerly prepared by the action of 
phosphorus pentachloride on sulphur dioxide, or on a sulphite. SOg -1- PCI5 
— SOCI2 + rOCl^ Recently sulphur trioxide and SCI2 have been employed 
for this purpose. This method is protected by the Germ. Pat. 136870. If the 
reaction is carried out below the boiling point ( — 10°) of SOg, or under pressure, 
an almost theoretical yield is obtained. 

The Germ. Pat. 139455 makes use of sulphur monochloride instead of 
SCI2 and sulphur trioxide. The reaction takes place at a temperature 
of 75 — 80°, S2CI2 -f SO3 = SOCI2 + SO2 + S. The S formed by the reaction 
is at the same time immediately transformed into SjClg by leading Cl into 
the mixture. 

It is a colourless liquid which on exposure to the air gives off pungent 
fumes. B. P. 78°, S. G.at 0° is 1.676. Thionyl chloride is said to be employed 
in the manufacture of dyes and intermediate products. It is now also used 
for the preparation of acetic anhydride. 

5. Chloric acid HCIO3. Chloric acid is obtained commercially by de- 
composing barium chlorate with dilute H2SO4 and evaporating the clear 
solution tn vacuo. 

It is a pale yellowish fluid S. G. 1.120. 

6. Chlorsulphonic acid S02C1(0H). This acid is formed by the direct 
combination of sulphur trioxide SO3 with dry HCl. It is easily obtained by 
leading HCl into pyro -sulphuric acid and then distilling. According to Germ. 
Pat. 160102 it is obtained by leading the gases produced by chlorinating 
with sulphuryl chloride into fuming H2S^4' These gases always contain, 
besides SOg and HCl, considerable quantities of sulphuryl chloride, and on 
being led into the acid, chlorsulphonic acid is formed from the HCl, as well 
as from the sulphuryl chloride. The acid can be again transformed into sul- 
phuryl chloride. 

It is a colourless fluid S. G. at 0° of 1.785. B. P. is 158°; it is a mono basic 
acid. 

, Chloroform CHCI3, trichlormethane. The manufacture of this substance 
IS carried out in various ways. One is to warm alcohol with a solution of blea- 
ching powder to about 60° care being taken to keep to certain proportions, 
l^n this way CO2 is first formed by oxidation of the alcohol which sets frees 
hypochlorous acid from the bleaching powder; further aldehyde and chloral 
are formed and these are decomposed by caustic lime into CHCI3. The chloro- 
form formed is then distilled off and separated from the H2O which has 
mstilled with it. After this it is treated first with soda then with concentrated 
^ M washed with HgO, dried over CaClj and distilled. 

More general than this is the method of obtaining chloroform from the 
crude acetone of the pyrolimeous acid manufacture, which is carried out as 
oilows. The acetone, whim is diluted with H2O is gradually mixed with a 
solution of bleaching powder. The formation of chloroform readily takes 
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place and it is only near the end of the reaction that any heat is required. 
Certain proportions must be used when mixing. The reaction corresponds 
to the equations 

2{CH3 . CO . CH 3 ) 4- 3Ca(Oa)5, = 2(CH3 . CO . CCI 3 ) -f 3Ca(OH)2 

acetone Triohloracetone 

2(CH3 . CO . CCI 3 ) -f Ca(OH)3 = -f 2CHCI3 

Triohlor acetone Calcium acetate Chloroform 

Very pure chloroform is produced by the distillation of chloral or chloral 
hydrate with sodium hydroxide 


CGa . COH + NaOH = CHCI3 + NaHCO^ 

Chloral Sodium hydroxide Chloroform Sodium formate 


From this so-called chloral-chloroform the well known preparation deno* 
minated “Chloroform Pictet“ is produced. It is'prepared from the chloroform 
by freezing this compound to — 75®. 

Among the other methods for obtaining chloroform the electrolytic one is of 
interest. By this patented process, an alcoholic sodium chloride solution is 
decomposed by an electric current. 

According to a new process protected by the Germ. Pat. 129237 CHCI 3 is 
obtained by warming alcohol, which has previously been chlorinated, with 
bleaching powder and alkalies. The chlorination product used for chlorinating 
(e. g. chloral, chloral alcoholate &c.) must have a density of 35® B 6 . 
A vessel is used which can be heated and which is provided 
with a transport pipe. The vessel is partitioned into several 
compartments which communicate at the bottom with each other 
and are connected by a pipe over the top. The compart- 
ments are fed by feed pipes, connected with a vessel containing the 
necessary reagents. The partitions serve the purpose of allowing the liquid 
substances and the gaseous product of reaction to come into intimate contact 
while passing, (principle or counter-current). A very pure form of CHCI 3 
isHhe „Anschutz“ chloroform, which is prepared from salicylide 
chloroform. The internal anhydride of salicylic acid, the so called sali- 


cylide CeH^ 


yCO, 




(see Salicylic acip) has the property of forming a crystalline compound 
with CHClo. If salicylide is dissolved in crude chloroform salicylide chloroform 
very rapidly crystallises out (C«H 40 . € 0)4 -f 2 CHCI 3 and the impurities 
are left in the mother liquor. If the salicylide-chloroform is heated on the water 
bath, the salicylide remains while the chloroform volatilizes. 

The chloroform used for medical purposes must contain 1 % absolute 
alcohol or it undergoes decomposition. 

CHCI 3 is a colourless, ethereal, sweet smelling and tasting mobile fluid 
S. G. 1.626 at 15®, B. P. 61.2® and M. P. — 70®. It is a valuable medical anaes- 
thetic and in chemistry it is used as a solvent for many organic substances, 
and in the manufacture of dyes. 


Chloroform from chloral acetone, see Chloral acetone chloroform. 


Chlorophyll occurs in the form of granules in leaves of green plants. It 
is soluble in chloroform, alcohol, ether, and oils. The solution J has a 
blood-red fluorescence, but readily decomposes. 

Chlorophyll: 

Oscar Wonder A Co., Dresden, Germany. 
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Chocolate. A mixture of cocoa and sugar with, in most cases, an addition 
of flavouring, usually vanilla. For details of the preparation of the cocoa see 
the article on Cocoa. The machines for mixing the cocoa are similar to 
crushing mills q. v. They have a circular grinding plate on which roll cylin- 
drical, pyramidal or ellipsoidal stones. The working surfaces of the rollers 
have not only to crush out also to knead the ingredients well together. In 
other machines (the so called melangeures) the plate itself, which forms the 
bottom, rotates. The plate, whether it rotates or not, is in both machines 
heated from underneath by a flexible steam pipe. This keeps the cocoa soft 
and moist, thus assisting the work of mixing. The chocolate paste when ready 
goes through several machines for removing the air bubbles thus rendering 
it denser and harder. This machine is often combined with a cutting apparatus. 
The soft pieces of chocolate thus separated are pressed into shallow metal 
moulds which are then placed on oscillating or vibrating tables. By keeping 
the moist chocolate in continual movement it fills all the interstices of the 
moulds with great nicety. After this the chocolates, still in the moulds, are 
placed in a cool cellar. When they are quite firm the chocolates can be 
easily removed from the moulds. 

Pure chocolate has usually 48 — 62 per cent of sugar (average 64 per cent), 
18 — 27 per cent of oil (average 22 per cent) and 1.08 — 1.75 per cent of ash 
(average 1.39 per cent). 

Machines for manufacturing Chocolate: 

J. M. Lehmann, Dresden-A. 28, Germany (see front part advt.). 

Werner Pfleiderer & Perkins Ld., Peterborough. 

Clirisiofle, see Nickel alloys. 

Chromium. Cr. Atomic weight = 52.14. The principal material for the 
manufacture of chromium and its compounds is chrome iron ore FeCr 204 . 
The metal chromium itself, until a short time ago could scarcely be ob- 
tained quite pure and formed one of the rare chemical substances. It was 
obtained by one method from chromium chloride at a red heat by passing 
sodium vapour fumes over it in an atmosphere of hydrogen. It was also 
obtained in electric furnaces by the reduction of chromium chloride by means 
of carbon. By the latter and most simple process a chromium containing 
carbon was obtained which, because of its carbon contents seemed little adapted 
for its most important use, viz. the manufacture of chrome steel. Of late 
the electrolytical process of obtaining chromium starts from potassium 
chromium chloride. These difficulties are now however all overcome 
and the chromium is obtained, absolutely free from carbon, by the 
process known as aluminothermy, that is by burning a powdered mixture 
of oxide of chromium and metallic aluminium. For details of this process 
given by Goldschmidt and known underhis name see the article on Thermite. 

According to Germ. Pat. 147326 the metals of the iron group, for instance, 
chromium, are manufactured in electric furnaces. The ore which is mixed 
with as much carbon as is necessary for the reduction of the metal into a 
spongy form is reduced in a blast furnace which is connected with a refining 
furnace, and the metallic sponge is fused electrically by a strong current 
The gases escaping from the furnace are used for heating the refining 
furnace while the metal is collecting there, and are then returned to the shaft 
fumaee to raise it to the required temperature. 

According to the Amer. Pat. 769424 powdered animal carbon is mixed with 
Kmc chromite and a suitable binding material and pressed under great pressure 
into solid cakes which are then heated. The zinc volatilizes while the chromous 
acids are reduced to metallic chromium. The process does not appear very 
promising from an economical or financial point of view. 
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According to a report by Dr. Carl Goldschmidt, Lucerne, Chem.-Ztg. 
1906, 66 it is possible to separate Cr catalytically from its salts in presence 
of tin or tin compounds, the best results being obtained with crystallized 
chromium nitrate. If a chromium nitrate solution is allowed to stand in a 
tin vessel in the cold (of winter), in one day amorphous as well as crystalline 
Cr will separate. The chromium hydroxide can be removed by excess of alkali. 

Chromium forms a light grey, glittering crystalline powder, or when fused 
a steel-blue substance, capable of taking a polish. S. G. 6.8. It melts in the 
electric furnace at above 2000®. It is not acted upon by HNO3 while in warm 
dilute HCl or HgSO^ it readily dissolves. 

An addition of chromium renders metals and alloys more resistant to 
many chemical agents and also makes them more difficult to fuse. For these 
reasons chromium steel is widely used. Cf. Iron alloys. 

Chromium Colours. 

1. Barium Yellow, Ultramarine Yellow or Chrome Yellow, BaCr04. 
Obtained by precipitating the solution of BaClg or of another Ba salt with 
K3Cr04. A very stable colour used in numerous tints and shades. 

2. Chrome blue. A chromium silicon phosphate obtained by fusing a 
mixture of potassium chromate, fluor spar and silica in certain proportions. 

3. Chrome Yellow, lemon yellow, royal yellow, Leipzig yellow, Cologne 
yellow, lead chromate, Paris yellow, new yellow PbCr04. Obtained by the 
action of K2Cr04 on a solution of a lead salt; acetate of lead yields the finest 
tints. It is a colour which is supplied in different shades and tones. 

4. Chrome Red (Chrome cinnabar) basic chromate of lead PbCrO. -f Pb 
(OH)jj^. Made directly from basic acetate of lead by precipitation with NagCrOj 
or indirectly by treating chrome yellow with a caustic alkali or an alkaline 
carbonate. 

6. Chrome Orange. A mixture of chrome yellow and chrome red. 

6. Chrome Green (green cinnabar, oil green, leaf green) CrgOs- The best 
colour is obtained by heating to a red heat salts of chromic acid. Those made 
by precipitating chrome solutions with NagCOg and heating the (>2(011) e 
thus moduced to a red heat are less fine. 

7. Emerald Green is O^(0H)e obtained by precipitating a chromium 
salt solution with zinc hydroxide. When carefully washed and dried it serves 
as a paint. 

8. Zinc Yellow (zinc chromate). This colour is prepared by precipitation 
of a solution of zinc salts with an alkali chromate. It is mainly composed of 
a basic chromate. It is a much-prized paint on account of its extreme fastness 
to light. 

9. Zinc Green. A mixture of zinc yellow with Paris blue. For the latter 
see under Iron Olours. 

Rinmann’s green also passes under the name of zinc green. Compare Cobalt 
Colours. 

There is still a number of other chrome colours consisting partly of chromium 
hydroxide and partly of chromium borate, as for instance Guignbt’s green 
which contains principally chromium phosphate. A chrome green varnish is 
made of a mixture of chromium oxide and aluminium oxide. A mixture of Paris 
blue and chrome yellow can be used as a chrome green or a colour similar to 
Paris blue can be mixed with the chrome yellow. Many of the coal-tar colours 
are known by names which might lead to the belief that th^ were chromium 
colours. The iron chrome colours are treated of under Iron Colours. 

Chromium Compounds. The chromates are to be found under the com- 
pounds of the respective metals. 

See also Chromium Mordants and Chromium Colours. 
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According to the Germ. Pat. 143320 and 146491 in order to prepare chromium 
compoimds solutions of salts of the alkalies are electrolysed using an anode 
of chromium or ferro-chrome in an apparatus with a diaphragm. Instead of 
this the solution of a chromium salt can be electrolysed, the process being 
worked with an insoluble anode. As anode solution in this case, a mixture of 
chromium sulphate and potassium sulphate is used which is kept alkaline by 
the addition of lime. 

Chrome iron ore can be used for the preparation of Cr compounds 
according to the Amer. Pat. 743668 by heating the ore together 
with excess of Hj5S04 and an oxidising agent, conducting an electric current 
through the solution and separating the precipitated insoluble iron compounds 
from the chromium sulphate by filtration. 

See also Potassium and Sodium Chromates. 

1. Chromium Acetate. A solution of the normal salts is obtained by 
mixing solutions of chrome alum and acetate of lead. 

2. Chrome Alum see Alums. 

3a. Chromium Chloride CrgCl^. For the wet process of manufacture, 
see under Chrome Mordants. The dry method for obtaining this compound 
is by heating to red heat in a current of dry chlorine a mixture of CigO^ and C 
It forms small violet scales or leaves which when hydrated contain I2H2O. 

3b. Chromium Oxychloride CrOaClg. Obtained by warming alkali 
chromates with NaCl and H2SO4. A mobile, dark-red fluid which fumes strongly 
on exposure to air. S. G. at 0® 1.96, B. P. 117®. 

4. Chromium Chromate, see Chromium Mordants. 

5a. Chromium Fluoride. CiaFg -f SHgO, see Chromium Mordants. 

5b. Chromium Oxyfluoride Cr02P2. Prepared like chromium oxychloride. 
It is a red fuming fluid. 

6. Chromium Nitrate. Obtained by treating chromium sulphate with 
barium nitrate. It is occasionally used as a mordant. 

7. Chromium Oxides. 

a) Chromium sesquioxide CrgOs. This substance is formed by heating 
the various oxides of chromium to a red heat. Generally potassium chromate 
is intimately mixed with potato starch and heated in a reverberatory furnace. 
Calcined chromium oxide is almost insoluble in acids. It is used as a colour. 
Compare also Chrome green under Chromium Colours. 

b) Chromium hydroxide CrgiOH)^. Prepared by precipitating chromium 
salts with caustic alkalies. According to the Amer. Pat. 738239 chromium 
hydroxide and zinc hydroxide are obtamed from the solution of their sulphates 
by adding CaClg and precipitating the CrglOHlg by means of an insoluble 
carbonate e. g. CaCOg ; chromium hydroxide in addition to other uses is employed 
as a paint. 

c) Chromic acid, chromic acid anhydride. CrOg. Obtained by the decompo- 
^tion of KgCraO, with concentrated H2SO4. It forms scarlet rhombic crystals 
M. P. lOqo whicn dissolve readily in HoO. When exposed to air they deli- 
quesce with formation of chromic acid H2Cr04. 

According to the Germ. Pat. 179034 chromic acid may be obtained from 
the chromates or bichromates of the alkalies by adding sulphuric acid and 
heating the mixture of chromic acid and bisulphate to fusion. The substances 
separate into two non-miscible layers so that on cooling the chromic acid can 
be separated mechanically. 

A method for the recovery of chromic acid from solutions of chromium 
salts by electrolysis is protected by the Germ. Pat. 117949 and 138441. Acid 
solutions of chromium salts are oxidised by electrolysis. Diffusion neutralizes 

e effect of change of concentration between the anode and the cathode 
hquids caused by the effect of the current. One means of domg this is to 
regulate the current density. Another and better method is to stop the current 
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occasionally so that during this time the diffusion alone exerts any influence. 
Chromic acid is used for filling galvanic cells, for dyeing and also as a me- 
dicine. 

9. Chromium Silioidb, see Siuoides. 

10. Chromium Steel, see Iron Alloys. 

11. Chromium Sulphate Cr 2 (S 04 ) 3 . See Chrome Mordants. 

12. Chromium Sulphite. Obtainea as a neutral salt by dissolving Cr 2 (OH), 
in an aqueous solution of SO 2 or by treating chrome alum or Cr 2 (OH)(j with 
NajSOg or as an acid salt with NaHSOg or calcium bisulphite stet with an 
excess of SOg solution. 

13. Chromium Tungstate Cr 2 (W 04 ) 3 . This product is formed as a light- 
green precipitate on adding an aqueous solution of OgClg to a solution of 
potassium tungstate. The precipitate is soluble in an excess of Cr 2 Cl 3 , in 
phosphoric acid, oxalic acid and tartaric acid. If precipitated with ammonium 
para-tungstate the chromium para-tungstate is formed as a light grey powder 
soluble in water. 

Chromium mordants. Numerous compounds of chromiumserve as mordants, 
that is compounds which enable the fibres to fix dyestuffs. These compounds 
are partly salts of the chromium oxides, some however are chromic acids, but 
the latter are only efficacious for the above purpose when reduced to basic 
chromium oxide salts or to chromium oxide itself. 

1. Chromium Acetate. Obtained as a solution by mixing solutions 
of chrome alum and acetate of lead. 

2. Chrome alum. Obtained as a by-product in the manufacture of anthra- 
quinone. Compare Alums. By adding Na^COg or precipitated Cr 2 (OH)j 
to a solution of chrome alum a stable basic salt is obtained which is used as 
a mordant in the same way as chrome alum itself. 

3. Chromalinb. a new chromium mordant has been brought on the market 
under this name; according to the French. Pat. 291471 it is made by the 
reduction of chromic acid by glycerine or some other fatty com- 
pound. Chromaline contains chromic acid in such a loose state of combination 
that it dissociates if only diluted with H 2 O. It is particularly suited for printing 
chrome colours on wool. 

4. Chromium Chloride. By dissolving Cr 2 (OH)g in HCl neutral chromium 
chloride is obtained, and by dissolving Cr 2 (OH)g in CrClg the basic varietyof 
the same compound is formed. Both of these substances serve as mordants 
for wool-dyeing. 

6. Chromium Chromate. This product is made by dissolving Cr 2 (OH )4 in 
CrOg. It is principally used for stiffening cotton. 

6. Chromium Fluoride CrgFg -f- SHgO. Dark green powder stable in air, 
readily soluble in HgO. It has lately been manufactured in large quantities 
and introduced commercially. It has proved to be a very good mordant. 

7. Chromium Hydroxide Solution. CrglOH)^, precipitated by alkalies, 
dissolves in excess of the precipitant. When cotton or other vegetable fibres 
are dipped into the solution the CrJOHlg is deposited on the fibres in very 
fine particles. For animal fibres this mordant is not suitable as they are 
acted upon by alkalies. 

8. Chromium Sulphate. Obtained by dissolving Cr 2 (OH)g in HgSOi. 
As in the case of chrome alum, basic salts can be obtained from this sub- 
stance, and are principally used as mordants. 

9. Potassium Bichromate K-OjO,. For the method of manufacture 
see Potassium Compounds. It is an excellent mordant, especially 
for wool. 

10. Meta Chrome Mordants. A name given by the Aktien-Gesellschaft 
fiir Anilin-Fabrikation to a mixture of potassium bichromate and ammonium 
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Bulphate. Special mordant azo-colours (meta chrome dyes) for wool are rendered 
very fast by the addition of this mordant to the bath. 

11. Sodium bichromate NajCrjO,. For method of manufacture see Sodium 
Compounds. This substance is used for the same purposes as potassium 
bichromate and often serves as a substitute for the latter being cheaper in 
proportion to its chromium content. 

Chromium steel, see Iron Alloys. 

Chrome Tanning, see Mineral Tanning. 

Chromotrope acid, see Naphthol Dbrivatbs. 

Chrysarobin. Is a constituent of the Brazilian tree Andira Araroba Aguiar. 
The crude chrysarobin found in the cracks and hollows of the wood, is at first 
yellow ; later it becomes brown to violet. In order to purify it it is boiled with 
benzene and the filtrate is then evaporated to dr 3 niess and the residue re- 
crystallized from glacial acetic acid. It is a yellow powder, most irritating 
to the skin and mucous membranes. It is absorbed by the skin and is used 
for outward application in various skin diseases. 

Cineol (Eucalyptol). Cyelic terpene alcohol of the composition CioHigO, 
which frequently occurs in essential oils, especially in eucalyptus oil, cajaput 
wood oil, wormseed oil, &c. The starting point for the preparation is wormseed 
oil and eucalyptus oil; from the latter the parts which distil between 175® and 
180® are removed according to Wallach by fractional distillation, the 
remaining liquid is then cooled and dry HBr gas passed in. The crystalline 
cineol hydrooromide precipitated is pressed at a low temperatuie and then 
distilled with steam. According to the Germ. Pat. 80118 cineol may be 
obtained from eucalyptus oil by the action of phosphoric acid, according to 
the Germ. Pat. 132606 by the action of arsenic acid (cone, aqueous solution 
70® B6) ; the eucalyptol gives crystalline compounds with the above mentioned 
acids which are separated from the oil and distilled with steam, when pure 
eucalyptol passes over. M. P. — 1® to — 3®; B. P. 176®. It possesses a smell 
resembling camphor. 

Cinnamic acid. CgHg . CH : CH . COgH. This acid can be made either 
from natural sources or it can be synthetically produced. In the first case 
storax, see Balaams^ is distilled with excess of caustic soda, when styrol and 
cinnamic alcohol are set free and sodium cinnamate remains behind. From 
the residue the acid itself is separated by means of HCl. It is then purified 
by dissolving in ammonium carbonate solution, precipitating with HCl, and 
recrystallisation from hot HoO. 

Synthetically it is obtained by heating benzalchloride with sodium acetate 
in autoclaves to 180 — 200®, 

CgHg . CHag + CHg . COgNa = . CH : CH . CO^H -f HQ -f NaG. 

Cinnamic acid has also been made from benzal diacetate, from benzylidine 
acetone and finally by heating benzaldehyde with sodium acetate in presence 
of acetic anhydride. According to Germ. Pat. 53671 the ethyl ester of cinnamic 
acid is produced as follows: Finely-cut sodium (1 atom), is added to non alcoholic 
acetic ether (about 5 — 6 mol.) which has been cooled in ether. Then the 
benzaldehyde is allowed to flow so gradually into it that the reaction is never 
too rapid. When all the sodium has disappeared a quantity of acetic acid, 
jn proportion to the sodium is added. The ester is afterwards removed by 
diluting the mixture with water, the oily layer is removed and dried with 
calcium chloride, the acetic ester distilled off on the water-bath and the ester 
Blucher. 12 
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rectified which passes over at 260 — 276®. The o-nitrooinnamic acid is best 
obtained by the nitiation of this ester. 

Cinnamic acid and the o-nitrocinnamic acid obtained from it serve for the 
preparation of o-nitrophenylpr^iolio acid (see Propiolio acid) and several 
artificial perfumes and colours. Cinnamic acid is also used for medical purposes. 

It forms colourless crystals readily soluble in hot water and in alcohol, 
less readily in cold water. 

Cinnamon, Oil of. Two kinds are recognized, true oil of cinnamon (Ceylon 
cinnamon oil, Oleum Cinnamon ceylonici) and cinnamon Cassia oil 
(Cassia oil, Oleum Gassiae, Oleum cinnamomi cassiae). 

The former is obtained from the residues of Ceylon cinnamon bark by 
distillation with salt-water; it is at first golden yellow, later red-brown and 
has a delicate odour of cinnamon. S. G. (at 16®) 1.026 — 1.036; it contaias 
70 — 90 % cinnamic aldehyde and a little cinnamic acetate. Cassia oil is 
obtained from the bark, buds, fruit, leaves, blossoms, &c. of the cassia tree by 
distillation with water. 

Both essential oils are used for perfumes and liqueurs; Ceylon cinnamon oil 
is frequently adulterated with cinnamon cassia oil. 

Substitutes for cinnamon oil can be prepared in different ways. A 85 mthetic 
oil can be prepared (Gorm.Pat. 134789) as follows: — 700 g. cinnamic aldehyde, 
10 g. eugenol, 20 g. normal amylmethylketone, 6 g. nonylaldehyde, 3 g. cumin- 
aldehyde, 43 g. caryophyllene, 22 g. linalool, 20 g. linalylbutyrate, 45 g. cymol, 
6 g. benzaldehydo, 6 g. phenylpiopyl aldehyde, 2 g. furfurol, 20 g. pinene and 
20 g. eugenolmethyl ether. 

A S 3 mthetic cassia oil can be obtained (Germ. Pat. 139636) as follows; - 
660 g. methyl salicylate, 200 g. benzyl alcohol, 80 g. linalool, 12g. geraniol 
28 g. terpineol, 20 g. ionone, 60 g. irone, 20 g. deoylaldehyde and 30 g. cumin, 
aldehyde. Suppl Germ. Pat. 160170 adds anisaldehyde, eugenol, eugenol - 
methylether and benzaldehyde to the above mixture. 

Germ. Pat. 160601 describes the preparation of an artificial cassia oil in 
which an alcohol CigH^eO (S. G. 0.886; refractive index nn = 1.4888; BP. 
— at 10 mm Hg — 160®) is added to a mixture of other substances. (See 
Farnesol.) 


Citarine. Product" of the action of^formaldehyde on sodium citrate; it in 
sodium anhydro-methylene^citate 


CHa— COONa 


O — CRa 

I 

^CO— 0 
CH-— COONa 


It is a white crystalline powder, very readily 
soluble in HaO, which on account of its power 
of dissolving uric acid, is an excellent remedy 
for gout. For attacks of this disease doses of 
2 g are administered five times on the first 
day, then diminishing to 4 — 3 — 2 times a day. 
The powder is taken dissolved in water. 


Citral (Geranial). 0,11. 5 . COH. Terpene aldehyde which occurs in 
citron oil, eucalyptus oil, lemon grass oil, and can be separated from these 
with the help of NaHSOj. It can also be obtained by the oxidation of geraniol 
with KaCrgO, -f H 2 SO 4 . Citral is the cause of the perfume in citron oil. 
Of late years it has become an important commercial product, because it 
forms the starting point for the pieparation of Ionone; it may also be used 
with advantage as a substitute for ordinary citron oil. Liquid S. G. (by 15®) 
0.8977 ; B. P. 228 — 229®. It may also be mentioned that by a patented process 
(Germ. Pat. 108396 and 123747) the cyclical isomer, cyclocitral, may be 
obtained. Accord^g to the Gorm. Pat. 133768, 139967 and 139968 the two 
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constituents of cyolooitral, namely the a-oyclooitral and the ^-oyolocitral, 
can be isolated. 

Citric acid. A tribasio acid CgHgO, of the following constitution 
CHa . COaH 

(]h(OH) . CO,H 
(Ihj . COjH. 

This acid is obtained from lemon juice by heating almost to boiling point, 
and precipitating with finely powdered chalk. The rest of the process is 
exactly similar to that used in the manufacture of tartaric acid (q. v.). The 
calcium citrate is decomposed with H 2 SO 4 and the solution concentrated until 
the CaS 04 is precipitated. It is then further evaporated. The crude citric 
acid thus obtained is more or less coloured; it is purified by dissolving in the 
least possible quantity of hot H^O, filtering the solution through animal 
charcoal and allowing it to crystallize. Citric acid has recently been obtained 
by fermenting grape sugar with special ferments {Gitromyces glaber and 
Gitromyces Pjefferianus). The yield is about 55 % of the grape sugar. 

Pure citric acid crystallizes with 1 mol. H 2 O; dissolves at 15® in % parts, 
at 100® in part H^O. It dissolves with difficulty in alcohol. It gives a 
precipitate with lime water only on boiling. The potassium salt 01 citric 
acid, unlike that of tartaric acid, is readily soluble. Citric acid and its salt are 
used in dyeing, for medical purposes, and in cooking, confectionery, &c. 

Citronellol. CioHj, . OH. Terpene alcohol which is known in several 
isomeric forms ; it occurs in oil of roses, together with geraniol in other essential 
oils. It can also be prepared from its aldehyde citronellaL which is found in 
citronella oil, and is precipitated from this by NaHSO^. Citronellol is one of 
the chief constituents of rose oil. According to the investigations of Tibmann 
citronellol together with geraniol alone accounts for the perfume of oil of 
roses. 

Citrophene = citric acid triphenetidide is made by heating 1 part of citric 
acid with two parts of p- phene tidine with the addition of a dehydrating 
agent. The product of the reaction in then washed with very dilute NaOH 
and recrystaflized from hot water. 

It is a white crystalline powder which is soluble with difficulty in cold 
water, but a little more readily in hot H^O. M. P. 181®. It is used medicinally 
In cases of fever and neuralgia. 

Clarification. The juices of fruits are clarified in a pulp made of filter 
paper. Also white of egg beaten to a froth is mixed with the liquid to be 
clarified. The liquid is tnen heated to boiling point. This is considered an 
excellent method. 

Further, clarifying is carried out by means of isinglass or fish glue, gela- 
tine, or a decoction of boiled calves’ -feet. This last can be used for any liquid 
containing tannic acid, for in such the glutinous substance combines with 
the acid to form an insoluble compound, which in settling carries down the 
sediments. Those fluids which contain no tannic acid should be treated 
with it before either isinglass or gelatine is added. 

Powders, made from porous earthen-ware utensils, Spanish earth, burnt 
gypsum, bone charcoal &c. are used according to the solution to be cleared. 
Burnt gypsum (plaster of Paris) is used for example to clarify essential oils, 
liqueurs, varnishes and benzine. Burnt alum can also be used for these 
liquids and for fats. 


12 * 
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According to Amer. Pat. 748866, acid liquids such as solutions 
of glue, are cleared by neutralizing with a suitable base, thereby forming a 
precipitate, then adding an aqueous solution of SOg together with the lime 
salts of bones, and once more neutralizing to form a precipitate which can 
then be easily removed. 

Another method of clarifying is that of removing the fluorescence from 
petroleum and other mineral oils. This is carried out by adding a-nitro- 
naphthalene which for this reason has received various names indicating 
this property. Dead yeast cells are employed, according to the Germ. Pat. 
156151 for bleaching and clearing organic substances, which are thus com- 
pletely or in part freed from their impurities. For this purpose the yeast is 
stirred up in water, heated in vacm to 60® for several hours, and then warmed 
with water containing a little HCl to separate the yeast cells from the fluid. 
After the liquid has been drained off the yeast cells are warmed in a vacuum 
with weak alkalies and finally thoroughly washed. 

Clavine. A substance prepared from Secale cornutum which is apparently 
a definite compound. It is crystalline, soluble in water and has the 
composition €111122^204. It causes power ful “Pains“ without producing 
inflammation or cramp. 

Coalbreakers. 

Max Friedrich & Co., Lcipzig-PIagwitz 17. 

Cast Iron Coal Breakers: 

W. Stamm, 26 College Hill, London E.C., Sole agent for Friedr. Krupp A.-Q. Grusonwerk, 

Magdeburg-Buckau, Germany. 

Coal aust. Under this name is known a product obtained by reducing 
coal to dust. In this form it is used as a special fuel. To ignite a dust-coal 
fire, the coal dust (with the necessary amount of air) is introduced into the 
heating chamber, in which the temperature has been raised sufficiently by 
a wood fire or otherwise. The coal dust then continues to bum and gives an 
intense flame so long as the fuel is added. For charging the chambers with 
the coal dust, inventors have made use of the ordinary chimney draught, 
slightly-compressed air, or some mechanical method of stoking. 

In theory the use of coal-dust for heating purposes marks a decided ad- 
vance. In practice, however, it has had to contend with great 
difficulties, which are now being gradually overcome. The principal point 
is that the coal dust must be very fine, for it has been shown that only such 
coal-dust as leaves no appreciable residue, after being passed through a sieve 
with 900 holes to 1 sq. cm is of any value for this purpose. 

Blills for Coal dust: 

W. St^imm, 26 College Hill, London E.C., Sole agent for Friedr. Krupp A.-G. Grusonwerk. 

Magdeburg-Buckau, Germany. 

Coal gas for lighting and heating purposes. This article treats exclusively 
of gas made from pit coal. Acetylene, Alcohol hydrocarbon gas. 
Atmospheric gas. Oil gas and Water gas are treated in articles under 
these respective headings. 

Coals which bum well and are rich in hydrogen and contain the least 
possible amount of sulphur and minerals constituents are used for making 
this gas. Fire-proof clay retorts round, oval or Ci shaped, with a cross 
section of 2 — 3 m and 40 — 66 cm diameter, are used for the dry distillation 
of coal. The one end of the retort is closed ; at the open end is an iron mouth 
piece which carries the cover and the outlet pipe. The retorts lie flat or inclined 
at 30® in the oven and are heated from the outside by coke, tar or generating 
gas. Each retort is filled with 100 to 200 kg of coal. 
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From the mouth piece of the retort rises a vertical pipe which again bends 
downwards and ends as a dipping pipe in the trough-shaped receiver, which 
is connected with the whole series of retorts. A great part of the tar and 
ammoniacal liquor condenses in the receiver forming a trap to prevent the 

f as from passing back into the retorts during recharging. The retorts must 
e made red hot — almost white hot. The distillation takes from 4 to 6 hours. 
Coke remains as a residue in the retorts. This is removed later to make room 
for a fresh charge of coal. 

The tar which is accumulated and concentrated ^in the receiver comes into 
the tar reservoir. It is separated from the ammonia water in the receiver by 
an adjustable apparatus. The gas and vapours which are not condensed pass 
into the condensers, which cool the gas to 12 — 15 ®. In order to prevent the 
obstruction of the pipes by the naphthalene the cooling must be gradual, 
for which reason the gas is first sent through an air cooler, which consists 
of a row of long vertical iron pipes. The gas is forced to pass up and down 
the pipes of the cooler, after which it passes into a water-cooler the sides of 
which are surrounded by cold water. The air condenser stands on an iron 
box provided with dividing walls in which the tar and ammonia water, (further 
condensed during the cooling) settle. The gas then passes through a so- 
called tar separator which holds back the tar present in the gas in the form 
of fine drops. To remove the residual ammonia from the gas the latter is sent 
through a scrubber, containing pieces of coke (or in the newer processes a 
wooden grating). A fine shower of water falls down the scrubber from above, 
while the gas passes upwards from below. Several scrubbers are usually 
placed in a series ; or in place of this a more modem washing apparatus, which 
is more effectual in separating the ammonia is used. After this follows the 
chemical purification of the gas, which still contains COj, HCN, HjS, CS. 
and thiocyanates. In purification by lime the gas passes over thin layers of 
powdered slaked lime which absorbs the COg and HgS. This process is fre- 
quently omitted entirely and the chemical purification is begun with iron 
compounds. In this process different mixtures are used. The Laming mixtures 
used for this pu^ose consist of equal parts of slaked lime, saw dust and green 
vitriol. This mixture, on account of the chemical action taking place consists 
of calcium sulphate, ferrous oxide (which latter is rapidly converted into 
mrric oxide) and excess of quicklime. The mixture absorbs NH3, CO- and 
HjS with formation of CaCOg, (NH4)2S04 and FegSg. The spent residue is 
regenerated by atmospheric oxidation with formation of ferric hydroxide 
from the Fe^Sg and separation of S in accordance with the equation Fe«Sg 
+ 3 0 -f 3 HgO = Fe2(OH)g 3 S. It has lately been discovered that this 
kind of material is also effective without the addition of calcium compounds, 
and substances are now used which contain only ferric hydroxide. As an 
example we may mention Dbiokb’s mixture, which is obtained by boiling 
®P^^^®8idue8 containing sulphur with iron filings and then regenerating 
tne Fe^Sg thus formed by oxidation. The so-called Lux mixture is highly 
recommended. It consists essentially of the residues obtained in the manu- 
aluminium hydroxide from bauxite. The ground bauxite is heated 
W n ^ reverberatory furnace, and the fused mass is heated with 

ristj when the iron is precipitated as Fe2(OH)g. The Lux mixture is mixed 
11/^ to 2 volumes of saw dust. Oxides containing manganese and the 
from chlorine stills are also used for the purification of gas. See 

niethods for the purification of coal gas must be here 

of pressure having been brought to the desired degree by means 

u and regulators attached to the scrubbers, is now collected 

to suitable gae holders. 
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Coal gas which contains too small a percentage of hydrocarbons has a low 
illuminating power; it is improved in tnis respect by carburation, that is to 
say, it is mixed with the vapours of easily volatile hydrocarbons, such' as 
benzene, paraffin oil and petroleum ether. Coal gas can also be carburetted 
with tar-vapours or by passing it through oil gas. 

But few of the new methods of coal-gas manufacture seem to have had 
much success. Some of the new patents may be here mentioned. 

According to the Germ. Pat. 163149 the gas on leaving the retorts is mixed 
in another retort with some other gas such as water gas. By this means an 
immediate dilution and cooling take place. This cooling prevents the de- 
composition of the illuminating constituent on the red-hot walls of the retort, 
which otherwise takes place to a considerable extent. According to the 
Germ. Pat. 167470 water gas is allowed to enter, not into an auxiliary retort, 
but into the actual retort where the gas'is made. Opinion as to the merits of 
admixture with water gas is at present much divided, but the method seems 
to be increasing in favour. According to the Germ. Pat. 163166, steam is led 
into the retorts, so that it comes into contact with, and passes through the 
coal and glowing coke. This method prevents the formation of so much tar 
and graphite and increases the yield of gas since water gas is formed simul- 
taneously. A modification of this process is treated in the Germ. Pat. 178307. 
The Germ. Pat. 162374 treats of the separation of the tar from the gas by 
first adding dust or powdered materials which stick to the tar. By washing 
the gas later with a current of water the dust and the tar are both precipitated. 

Much attention has been attracted by the Sbttle-Padfield process in which 
the work of gas making is carried on in vertical instead of the usual horizontal 
or inclined retorts It may be mentioned that these upright retorts were 
tried in the early stages of gas manufacture. At that time the method was un- 
successful on account of the extensive decomposition which the gas under- 
went during its circuit through layers of coal from which the gas had not yet 
been expelled. Settle and Padfield endeavoured to overcome this difficulty 
by only partially filling the retorts at first and then automatically adding 
more, a little at a time so that the gas is removed from the last portion before 
the new supply of coal enters the retort. All possible advantages are claimed 
for the new process, though according to some these are over-rated. Bueb 
in his researches has established the fact that a good yield of by-products can 
be obtained simultaneously with a gas of high illuminating power. 

It is a curious fact that in the coal gas industry it is usually considered 
desirable to increase the production of tar, while formerly all efforts were made 
to attain the reverse; a very diminished yield of tar is however obtained 
in the Settle-Padfibld process, and the Germ. Pat. 166742 protects an 
arrangement for the decomposition of the tar formed and its transformation 
into permanent gas. 

Of the many new methods of purification, that of Fritz Frank for the 
removal of carbon bisulphide should be specially mentioned. According to 
this method the removal is carried out by washing the gas with aniline. The 
initial defect of the process seemes to be done away with by using an oil, 
which consists of tar-oils with a little benzene, a certain amount of basic 
substances of high boiling point, and only a small quantity of aniline. Free 
sulphur is added to the washing oil as a catalytic substance, so that the H 2 S 
is converted into diphenylthiourea and held back in this form. Germ. 
Pat. 167663 employs the oily liquid obtained as a by-product in the distillation 
of molasses residues as a washiM-agent to remove CSo and naphthalene 
from coal-gas. According to the (^rm. Pat. 144004 sulphuretted hydrogen, 
may be removed from gas already freed from ammonia by treatment with 
ferrous salts to which a copper salt is added in order to accelerate the oxidation. 
The introduction of this promising method is at present hampered by the 
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fact, that there'^is aa yet no cheap process known for the recovery of the 
reduced material. 

The Germ. Pat. 169613 protects a mechanically operated apparatus in 
which gelatinous ferric hydroxide is used to purify the gas. It is scarcely to 
be expected that such expensive apparatus will find its place in gas works. 

Concerning the by-products of gas manufacture, see Ammonia, Gas liquors, 
Coke, Coal tar and Retort graphite. 

Cooking stoves: 

Gustav Barthel, Dresden-A, 19 (see front part advt.), 

Coal Tar. This substance is obtained as a by-product in the manufacture 
of gas for illuminating and heating purposes. See Coal gas. 

It is one of the most important of the raw materials used in the chemical 
industries. Since the supply from gas-works is no longer adequate, increasing 
attention is being paid to to its production as a by-product in the making 
of coke. See Coke. 

Coal tar is a more or less dark-coloured oily, viscid liquid with a strong 
f haracteristic smeU. Its sp. g. lies between 0.964 and 1.220, but as a rule 
exceeds 1. Some of the chemical compounds contained in this material have 
not yet been isolated. The following are the most important of the 
very large number of constituents wmeh have been separated by the 
distillation of tar. 


Fraction. 

Mean S. G. 

Approximate 
amount of 
the distillate 

Chief constituents 

First runnings 
from 80°. 

0.900 to 0.926 

2-3 0/^ 

Hydrocarbons of the benzene series. 
Small quantities of phenols, bases and 
CSj. Still smaller quantities of hydro- 
■ carbons of the fatty series. 

Light oil 
from 170° 

0.996 to 1.0 

2-3% 

Toluene, xylene, cymeno. Phenol 
(20 %). Naphthalene (25 — 30 %). 

Carbolic oil 
from 220° 

1.016 to 1.026 

6 % 

Phenols (40 %) including cresols. 
Naphthalene (40 %) and the higher- 
; boiling hydrocarbons. 

Creosote oil 
from 260° 

1,046 to 1.060 

20% 

Phenols (16 — 20 %), chiefly cresols 
and xylols. Pyridine and quinoline 

1 bases (6 %). Naphthalene and other 
solid hydrocarbons (50 %). Liquid 
hydrocarbons (aromatic) (25 — 30 %). 

Anthracene oil 
from 280° 

1.086 to 1.096 

i 

i 

1 

10% 

1 

Phenols (2 — 3 %). Anthracene (3 %)• 

I Hydrides and homologues: — Phenan- 
threne, pyrene, fluoranthrene, carba- 
zol, acenaphthene &c. 

The bulk consists of liquid hydro- 
’ carbons not-yet investigated. 


G. Kraemer gives the following products and their percentage amounts 
obtained by the modem methods of treating tar. 

Benzene and Homologues 2.60 per cent 

Phenol and Homologues, 2.00 “ 

Pyridine ( Quinoline bases) 0.26 “ 

Naphthalene (ace-naphthenes) 6.00 “ 

Heavy oils 20.00 “ 

Anthracene, phenanthrene 2.00 “ 

Asphalt (soluble constituents of pitch) 58.00 “ 

Carbon (insoluble constituents of pitch 24.00 “ 

Water 4.00 “ 

Gas and Loss 1.26 “ 
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The orude tar, as such, is now made use of in r^atively small quantities. 
It is us^as fuel, for painting buildings, for making water-proof roofing-felt, 
as a disinfectant &c. As a rule the valuable constituents are removed by 
distillation and the residue, pitch, is reconverted into a tar by mixing with 
the cheap heavy oils. This mixture k just as useful for the above purposes as 
the valuable raw material. See Tab Oils. 

Before being further worked up the tar k often separated by 
filtration from the suspended carbon, which often amounts to 30 % or 
more. See Soot. 

Dktillation k used for the s^aratioh of the constituents of coal tar 
and also for their purification. (Generally the dktillation k carried out in 
wrought iron stills of various forms; these often take the shape of vertical 
cylinders. The heating k carried out either over the direct-flame or by means 
of super-heated steam, The first dktillation is mainly intended to 
separate the volatile from the non-volatile constituents (pitch). 
To avoid violent bumping during dktillation, the water floating on 
the tar is removed and the tar k very slowly warmed so that the water 
m^ first evaporate. 

The fact that the water jpresenJI; in the tar renders the process of dktillation 
more difficult because of bumping and frothing and so rendering the 
dktillate impure, has led to many new methods for drying the tar 
before the process of dktillation k begun. Two of these meth(^ deserve 
special notice. , 

According to one employed in RuTOBBk Wobks (Germ. Pat. 161524, the 
drying of the tar before ^tiUation k carried out in a common tar boiler which 
k heated by the waste heat from the still proper. Three such boilers form a 
system. Tne Soholvien process Engl. Fat. 12696 (1903) depends upon 
the fact that the water may be removed by the addition of burnt lime or 
gypsum, after which treatment the tar can l>e distilled in the usual way after 
the hydrates formed by the above named substances have been removed. 
In the dktillation proper the HjO sthl containeid dktils over first. After the 
water, the light oils come over. All the products are condensed in a worm and 
run thence into a receiver. At the beginning of the distillation it is well to cool ; 
later the condensing water must be kept warm in order that the less volatile 
fractions may not solidify in the pipe, and so cause the choking and bursting 
of the apparatus. When the dktillation is finkhed, the residual liquid pitch 
k run on at the bottom of the stiU. The separation of the fractions of high 
boiling point can be accelerated by the introduction of super-heated steam. 
The cover of the still contains a thermometer. Behind the cooling pipe there 
k attached a separating apparatus for diffusi^, which permits the various 
fractions to be separated into light and heavy oik (and also the light oils from 
the H 2 O which comes over at the same time). The stilk hold as much as 
26 tons of tar. For thk quantity the dktillation takes, on an average, 46 hours. 
Thirty hours are occuiued in obtaining the first runnings, 2 hours for the 
light oil, 3 hours for the carbolic oil, 7 hours for the creosote oik and 4 hours 
for the anthracene oil. 

The process of dktilling coal tar has undergone considerable niodifioations, 
the principal one being that the lirst distillation k now carried out under 
reduced pressure. A mtter separation of the fraotiond k thus attained and 
the decomposition of the valuable constituents k less than in the old process. 
The further fraotibnation k also carried out under diminkhed pressure in 
a column apparatus. A new method for the dktillation of coal tar involving 
the use of very low pressures k protected by the Germ. Pat. 153322. The 
distillation of the tar m apparatus with internal heating arrangements k inter- 
mittent. It k carried out m cylinders with a laige number of narrow heating 
pipes (as in locomotive bohers). The pressure k gradually lowered so that at 
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the end of the distillation the temperature of the tar is not more 
than 270-280®, 

Finally, mention should be made of Lbnnabd’s process, which is based on 
the distulation of supei^heated tar with super-heated steam followed by 
fractional condensation. 


The following remarks apply to the various fractions of tar distillation. 

The first runnings, alsocaUed light naphtha, contain besides the more volatile 
of the tar some of the heavier constituents in varying proportions. The first 
runnings are treated with caustic soda when the phenol is separated as sodium 
phenolate which can be easily drawn off from the layer of oil above it. The 
oil is then treated with cone. H 2 SO 4 , which sinking to the bottom of the still 
carries down with it the impurities in the form of resins. The naphtha, thus 
partly purified, is then fractionated over an open fire, and three fractions 
up to 110®^ 140® and 170® respectively are coUected. The rectification of 
these fractions is afterwards accomplished by distillation with dirwt or 
indirect steam heating. The light oil contains some benzene, a good deal of 
toluene and its homologues, and in addition phenols, naphthalene &c. Good 
light oil should not lose much by distillation below 120®. The principal part 
should distil below 170®. Average S. G. 0.976. The light oil is fiien 
separated by distillation into 3 fractions of which the first is worked up 
vith the first runnings while the fraction distilling above 170® is worked 
either alone or with the carbolic oil. The middle fraction is purified like the 
light-naphtha with acids and alkalies and then again distilled. For the 
fractions thus obtained see Benzenb and Solvent Naphtha. By repeated 
rectification of these fractions in the column apparatus it is finally possible 
to separate the different hydrocarbons in a pure state. 

The further treatment of the next fraction of coal tar, carbolic oil, 
which comes over between 220® and 260®, is described in the article on Cab- 
BOLio AoiP and Naphthalene. 

The heavy oh proper, the Creosote Oil, that is the fraction 260® — 280®, 
is usually left in this condition without further treatment, and is used for 
making oil-gas, as a lubricant, for carburetting coal gas, for the manufacture 
of lampblaA, for softening pitch, for pickling wood, as a disinfectant as well 
as for making other disinfectants, sudi as creolin and lysol. The heavy oil 
which is mixed with the other coal tar fractions is a thick, oily, yeUowish-green, 
fluorescent fluid, with a most unpleasant and characteristic smell. S. G. 1.06. 

The highest-boiling fraction is anthracene oil. For details olthe treatment 
of this substance, see Anthracene. This oil is chlorinated to remove the 
smell. Compare Cabbolineum. The pitch which remains after the distillation 
18 either treated with heavy oils to make „tar”, or it is brought into the market 
m this condition. See Pitch. 

Test. The analysis of crude tar includes a determination of the specific 
gr^ty, the amount of uncombined carbon and also a distillation test. 

To determine the specific gravity, the tar must first be dried. For this 
purpose it is placed for 24 hours in a large covered beaker immersed in warm 
water, the temperature of which must not exceed 60®. The water which has 
n^anwhile collected on the top is then removed, either by decantation or by 
Absorbing it with blotting paper. The separation is helped if now and then the 
glass is tapped on the outside, while in the warm water. The d^ tar is then 
poured into a pycnometer through a funnel and the S. G. determined at 16® C. 

For the deternrination of the uncombined carbon, KOhler. Bind. Polytechn. 
<ioumal 270. Page 333 , gives the following directions; 10 g of coal tar are 
^ed with g of glacial acetic acid ajid 25 g of toluene in an Eblxnmeybb 
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flask fitted with a reflux condenser and brought to boiling point. The liquid 
is then filtered through two tared filters one inside the other and washed 
with hot toluene until the latter is no longer coloured. The C is then obtained 
perfectly free from tarry matters, and the amount of uncombined carbon iji 
the sample can be found from the difference of the weight of the two filter 
after drying at 120® until constant in weight. A normal coal tar contains 
about 16 % of free carbon. 

The sample for distillation is treated according to the method given by 
Lunge and Schmid, Chem. Ind. 1887, P. 337, as follows. Tubulated retorts 
holding about 5 litres are used. These are half filled with the dried tar and 
heated in a sand bath. In the tube of the retorts is fitted a cork with two holes. 
Through one ofthese the thermometer passes and through the other a glass tube 
drawn out to a capillary which projects half way into the liquid. If a gentle 
current of air is drawn through thecapillary tube during distillation bumping is 
prevented (according to Anschutz). As long as the distillate remains fluid, 
the neck of the retort is connected by an adapter to a Liebig condenser, 
which however must be removed and replaced by a receiver directly the 
distillate solidifies (170 — 180®), from which point onwards it is also no longer 
necessary to draw air through the capillary tube. The distillation of 2.5 to 
3 liters of tar takes about 8 hours. It is absolutely necessary that there should 
be no interruption, if the results are to be trustworthy. It is also important 
that the water mechanically added should be removed before distillation. 
The following fractions will be found in the receivers. 1. light oil up to 170®, 
2. middle oil up to 230®, 3. heavy oil up to 270®, 4. anthracene oil till the 
substance distilled changes its colour and becomes an intense orange due to 
presence of large quantities of chrysene. To test the light oils further, 200 com 
are put in a separating funnel with 20 ccm H 2 SO 4 of 66 ® Be and shaken vi- 
gorously for five minutes. The tarry sulphuric acid is then carefully drawn 
off from the dark coloured oil above it, after which the latter is washed twice 
in the funnel each time with 30 ccm H 2 O. This is followed in the same way 
by treatment with 30 ccm of caustic soda of S. G. 1.060 and then again with 
30 ccm HjO. The volume of the oil remaining is then measured in a gradu- 
ated tube, and the difference between this and the original is calculated as 
loss by purification. The purified oil is fractionated in the way given in the 
test in the article on Benzene. The product of distillation up to 120® consists 
principally of a mixture of benzene and toluene, the product occuring between 
1 20 and 170® is considered as solvent naphtha and the residue of the distillation 
remaining in the glass is called creosote oil. 

The middle oil and the creosote oil are allowed to stand several days to allow 
the naphthalene to separate. The naphthalene is then filtered off, the residue 
wrapped in a linen cloth and pressed out in a small hydraulic press. The 
naphthalene obtained by pressing the residue of the two fractions is reckoned 
as crude naphthalene. After the separation of the naphthalene from the 
middle oil, the latter is fractionated in the same way as the light oil. 

The anthracene oil is allowed to stand for 3 — 4 days. It is then filtered 
through linen, the crude anthracene is pressed out cold, if necessary warmed 
on porous clay plates to 30 — 40® and then again pressed, and reckoned as 
crude anthracene. The residue in the retort after tne distillation of coal tar 
is reckoned as pitch. Its amount is usually calculated from the difference 
between the amount of tar used and the sum of the products of distillation. 

Cobalt. Co. A. W. = 69.6. The most important cobalt ores are cobalt 
glance CoAsgCoSg, speiss cobalt CoAso. It is almost invariably obtained 
simultaneously with nickel by wet or ary processes or by a combination of 
the two. See also Nickel. To separate the two metals, the solution may 
be treated with potassium nitrite which precipitates the cobalt. More fre* 
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quently however, the Co is precipitated as CojO,, (after removal of the Fe), 
from neutral warm solutions with bleaching powder. In this reaction Mn ana 
Ni are also precipitated, the former before and the latter after the Co, so that 
separation is possible. Here we can only refer to the Germ. Pat. 151956 which 
treats of the separation of the Ni and Co from each other, and of the separation 
of other metals. The metal is obtained by heating the chloride or hydroxide 
to a red heat in a current of hydrogen or (commercially) with powdered 
charcoal. It occurs as a grey powder or in crystalline leaves of a reddish 
colour with metallic lustre. S. G. 8.5. It is harder than iron and melts at a 
slightly lower temperature. Large pieces have been cast only recently. By 
adding a trace of Mg a very hard metal is obtained, which can be easily wrought 
while hot, and is capable of taking a very high polish. In this form it is some- 
times used for making cutting instruments (e. g. fruit knives). The compounds 
are of greater importance. 

Cobalt alloys. As already remarked in the article on Cobalt, this metal is 
coming into use in the form of alloys. It is used in jeweller’s work in two 
forms : — 

Sun bronze which consists of 40 — 60 % Co, 30 — 40 % Cu and 10 % Al. 

Metalline, which is made of 35J% Co 30 % Cu, 10 % Fo and 25 % Al. 

Cobalt colours. 1. Smalt, (Royal blub, Saxon blue, &c.). This, the most 
important of the cobalt colours, is made from the roasted cobalt ores. Smalt 
is a potash glass coloured a deep blue by cobalt oxide. It is made by melting 
potash and silicic aeid (quartz sand), together with roasted Co ores. The 
purest kinds can only be made from pure cobalt oxide. The smalt (cobalt 
potassium-silicate) is poured while in a liquid condition into cold water, 
and so becomes very brittle and easily powdered. The glass is pounded 
and then ground unaer water, it is then sorted according to the size of the 
grains. The coarsest powder, called strewing smalt, is usually fused again. 
There are also obtained the so-called colour and the finest kinds which are 
called ash blue, pale smalt and zaffer. The commercial kinds are F (fine), 
M (medium), 0 (ordinary), while doubling of the letter signifies a finer product. 
The quality is reckoned by the size of the grains, the cobalt content, and the 
depth and purity of the colour. The products which contain the largest 
quantity of cobalt are known under the name of azure blue and royal blue. 

Cobalt blue is a fairly stable colour which has been partly replaced by ultra 
marine. It has however held its own as a colour for china painting. 

2. Cobalt blub (Cobalt ultramarine, Thbnard’s blub, Leithnbr’s 
bi.ue, Leyden blue) is a clay containing cobalt, which is obtained by heating 
cobalt compounds and clay to a red heat. It is obtained by precipitation of a 
cobalt salt with an aluminium salt solution. The precipitate after being dried 
is heated to white heat. 

The depth of the colour depends upon the proportions of aluminium and 
cobalt salts. 

3. CoBRULBUM (Sky blub). A cobalt-tin oxide very stable in air. It is 
prepared by treating tin with HNOg, adding a solution of cobalt nitrate, 
evaporating to di^ess and heating to a reddieat. 

4^- Rinmann's green (Cobalt green). A mixture of Co and Zn oxides 
obtamed by precipitation of solutions of cobalt and zinc salts heating the 
precipitate (at a lower temperature, however, than in the case or cobalt blue), 
^y the addition of small quantities of arsenic acid or arsenic -cobalt compounds 
8- very beautiful green is obtained. 

6. Cobalt YBLLOW (Indian YELLOW). Potassium cobaltinitrite, mecipitated 
oy potassium nitrite in the form of crystals from a solution of cobalt nitrate 
*Pade strongly acid with acetio acid. It is^more frequently used as a yellow 
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colour for painting in oils and in water colours where pure tints are desired 
than as a colour for glass or china painting. 

6. Cobalt red or Cobalt rose see No. 2 c under Cobalt compounds. 

Cobalt compounds. The salts of nickel are all green while those of cobalt 
are of a red or blue colour, 

1. Cobalt chloride, CoCl^ obtained by dissolving CoO in HCl. Dark 
red crystals, CoClg -f 6 HjO, which on heating lose the water of crystallization 
and become blue. 

2. Cobalt oxides. 

a) CoBALTOUS OXIDE, CoO, obtained by heating cobaltous hydroxide to a 
full red-heat in the absence of air. It is obtained as a brown powder. 

b) Cobaltous hydroxide, Co(OH) 2, obtained as a rose-red precipitate 
by the addition of alkalies to solutions of cobalt salts in the absence of air. 
When exposed to the air it readily oxidizes. 

c) Cobalt oxide, CojOg, obtained pure in the form of a dark-brown powder 
by gently heating cobalt nitrate to a dull red heat. Cobalt hydroxide CojfOH), 
is precipitated as a black powder from Co salts by a solution of bleaching 
powder. 

3. Cobalt silicate see Smalt under Cobalt colours. 

4. Potassium cobaltinitritb, Co 2(N02)* -f 6KNO 3 H^O. Compare 
Cobalt yellow under Cobalt colours. Potassium cobaltinitrite is of 
im^rtance in analytical chemistry, for the quantitative separation of Co 
and Ni. 

Cobalt compounds: 

Willy Manger, Dresden, Germany. 


Cocaine. C17EU1NO4 is an alkaloid which is obtained from the leaves of 
the coca plant. Its constitution may now be considered as definitely known. 
It is the methyl ester of benzoyl-ecgonine 


CHj — CH ~ CH — CO 2 . CH, 

I I i/® 

N.CH,CC 


CHj — CH-lCHj 


'0 . CO . CeHs 


The investigation of the constitution is of practical importance since other 
idkaloids with very unpleasant action also occur in the coca leaves which 
like cocaine may be converted into ecgonine by heating with hydrochloric 
acid. Pure cocaine can then be prepared synthetically from the latter com- 
pound. 


The alkaloids may be prepared from the coca leaves in the following manner: 
The leaves are first moistened with NajCO, solution and then extracted with 
mineral oils (benzine or petroleum, kerosene, &c.): the alkaloids are then 
extracted from these oils by means of dilute sulphuric acid, precipitated 
from this acid solution by sodium carbonate, and the crude cocaine filtered 
off and recrystallized from alcohol. It is finally purified by converting it into 
the hydrochloride. 

Pure cocaine forms lar^e colourless ciystals of bitter taste, M. P. 98®. It 
is very sparingly soluble in water, readily soluble in alcohol, ether benzene, 
chloroform, turpentine oil, &o., &c. With acids it forms monovalent salts. 
On account of its property of temporarily paralysing nerve-endings it is of 
great importance as a local anaestnetic. For painting mucous membranes 
a 10--20% solution of cocaine hydrochloride is used; for injections a 5 — 10% 
solution, and for washing the eyes a 2 — 10 % solution of the same substance. 
Maximum single dose 0.05 g. Marinuim di^y dose 0.15 g. 
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Cochineal. A colouring matter prepared from the bodies of the females of 
Coccus cacti- The wingless females are collected from the leaves of different 
kinds of Cactus plants, ^ed by the action of boiling water, steam or dry heat, 
and are them brought into commerce in the form of oval particles 1 to 2 mm! 
long. According as the wax on the insect has been preserved or destroyed 
the cochineal is “silver-grey" or “black". The colouring matter present is 
carmine or carminic acid. 

In addition to the cochineal above described a preparation is sold as Cabminb. 
This is a red dyestuff occurring in the form of a soft powder or in pieces, which 
is obtained by the precipitation of cochineal solutions with acids or acid salts. 
The exact mode of procedure is kept secret but carmine is generally the calcium 
aluminium albuminate of carminic acid. Cochineal is also prepared in the 
form of lakes (Florence, Vienna or Paris lakes). For the preparation of these, 
alkaline solutions of cochineal are precipitated with alum or with a mixture 
of alum and tin salts. By digesting cochineal with ammonia in the absence 
of air and precipitating the solution so obtained with aluminium hydroxide 
Cochmille Ammoniacale is obtained. This is sold in the form of dark-brown 
tablets. Cochineal is also compressed in a form suitable for culinary purposes. 

Carmine and carminic acid are used both as oil- and water-colour paints. 
It is occasionally used for the dyeing of wool with the addition of aluminium or 
tin mordants. 

Cocoa. The seeds (beans) of the cocoa tree Theobroma cacao. 

A distinction is made between retted, and unretted cocoa. The latter which 
is only dried in the sun has a strong bitter taste. The process called retting 
consists in letting the beans ferment for some days and then quickly drying. 
This gives the cocoa a milder taste. (The germinating power is of course 
destroyed). The quality of the cocoa depends on the country where it is 
grown and on the method of preparation. The active principle of cocoa is 
theobromine, (dimethylxanthine) which is contained in the beans to an extent 
of from 1 to 3 %. Besides this the shelled beans contain 10 — 12 % proteid 
substances and about 60 % oil (cocoa butter). 

The commercial product called cocoa, from which chocolate is made is the 
result of somewhat complicated operations. It is first sifted and sorted so 
as to remove all refuse. Then it is roasted in rotating iron drums, 
put into a crushing mill and broken, and the shells separated. After being 
once more sifted the broken beans are put into a crushing mill with vertical 
runners, or some other kind of specially constructed mill, where they are 
ground to a fine powder. The crushing mill is at the same time treated with 
steam. The powdered mass is now re^y for making chocolate. See Choco- 
late. In case the powdered cocoa bean is to be further manufactured into 
cocoa, the powder is put into bags and placed in hydraulic presses heated 
with steam. The oily contents (cocoa butter) are then run off leaving the 
cocoa in a dry state. 

The powdered cocoa contains 60 — 65 % of oil before being 
pressed, after the process, if this is well carried out, it contains only 
from 20—35 %. 

As the dry powder of the cocoa thus obtained only becomes miscible 
with water after long boiling it is usually digested with a solution of potassium 
sodium carbonate (Dutch method), or a solution of ammonium 
carbonate is added. The powders treated with these chemicals are the so- 
called easily soluble cocoas and to these a small proportion of the oil is again 
added before sale. 

Machines for mannlacturing Cocoa: 

erner Pfleiderer & Perkins Ld., Peterborough. 
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Cocoanut butter. For this preparation the oocoanut oil derived from the 
first pressing is used. It forms a yellow or yellowish oil which is decolourized 
with animal charcoal or fuller's earth. The following processes are of impor- 
tance so far as the further purification and rendering the taste more palatable 
are concerved: — treatment with high-pressure steam, neutralizing with 
magnesia, precipitating the excess of the latter and the resulting magnesia 
soap, washing with warm water, and remelting. 

According to the Glerm. Pat. 143946, the peculiar taste and odour of cocoanut 
may be removed by neutralizing the cocoanut oil — which has been previously 
treated with animal charcoal, fuller's earth or kieselguhr — with a solution 
of lime, and then heating the mixture to 105° in autoclaves. On the other 
hand it is recommended to remove the bitter substances by washing the 
cocoanut oil with dilute H 2 SO 4 , then adding a weak solution of sodium carbonate 
to the oil, and finally neutralizing it in the melted state with Ca(OH) 2 . 

Finally, according to a French patent, the cocoanut oil is neutralized at 30® 
with a solution of water glass, and the resulting soap allowed to stand, while 
the neutral oil which swims on the surface is drawn off. 

Pure white, transparent, lard-like mass; M. P. 26.5°. Solidifies at 19.5° C., 
possesses a slight pleasant odour with a mild non -irritating taste. It keeps 
very well and does not readily become rancid. 

Cocoanut oil. This is a fatty oil obtained by pressing out the kernels (copra) 
of the cocoanut palm Cocoa nucifera. The copra contains between 60 % and 
70 % of this substance. It is not a definite body but a mixture of difterent 
fats. This accounts for the fact that the cocoanut oil obtained by moderate 
pressure and only slightly warming is harder that that prepared by employing 
greater heat and considerable pressure. 

It is a white or yellowish buttery mass which has a characteristic sweet 
smell— especially on being heated. M. P. 24.5° (varies between 20° and 28°). 
Melting point of the fatty acids 24.6°. Saponification number 255, iodine 
number 9. 

Cocoanut oil is used largely for the manufacture of toilet soaps. The saponi- 
fication may be carried out at a temperature of 70 — 80° C. (cold saponification). 
The soap is not precipitated by common salt and for this reason it can be used 
for washing with sea water (marine soap). Further the cocoanut oil is used 
in the manufacture of candles, and as a foodstuff after it has been submitted 
to special purification; compare “Cocoa butter". 

Codeine see „Opium and opium alkaloid3“. 

Coeruleum, see “Cobalt colours“. 

Coffee essence. The substance known under this name is composed 
of various kinds of sugar which are burnt in special ways, together with 
suitable aromatics and „filling 8 “. It is used to cheapen coffee. On account 
of the high degree of hygroscopicity of the caramel it is best preserved 
and transported in tin cans. 

Cognac, oil of, oenanthylic ether. A mixture of different esters. What is 
brought into commerce under this name is partly the rectified wine fusel oil 
and partly an artificial grape oil. The former is obtained by collecting the 
dregs from the fermentation of grape juice, pressing out the greater part of the 
water, slightly acidifying with sulphuric acid, mixing with water to a thin 
paste, and then distilling with steam. The oil which passes over is treated 
with ten times its volume of water; and is then insoluble in water but readily 
soluble in alcohol, and gives the latter the taste and smell of oognao. 
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Artificial cognac oil is manufactured in various ways^ as for instance, by 
the saponification of cocoanut oil, decomposition of the soap with sulphuric 
ftcid adding alcohol to the mixture and distilling. Further it is also made 
from pelargonium oil and from castor oil. Since the naturally occurring 
grape oil is very dear the manufacture of the artificial product is carried out 
on a large scale. 

Coke. Coke is the residue obtained in the dry distillation of coal and also 
of brown coal. Compare Charcoal and Charcoal burning. The coking is now 
but rarely carried out in open ovens, generally in retorts, so that the by- 
products may be recovered. The gaseous products are frequently used for 
heating the retorts. 

The products of distillation consist of about 30% of liquid and 20% 
of gaseous substances in addition to the residual coke. See the article on 
Coking. 

According to the nature of the coal from which the coke is made the product 
has different characters. When prepared from a coal containing a large 
amount of siliceous matter the coke is loose and granular. From certain other 
kinds of coal the coke obtained is fused together and forms a more or less 
solid mass. 

It bums without flame, and, apart from its use for household purposes it 
finds its largest use in blast-furnaces and metallurgical processes. 

Concerning the composition and heating value of coke see Fuel. 

Cokebreakers : 

Max Friedrich <fc Co., Leipzig-Plagwitz 17. 

('oking. Formerly the dry distillation of coal was only carried out for the 
purpose of obtaining the residue viz. the coke. For this purpose open heaps, 
ovens and retort furnaces could be used without any consideration of special 
construction. Still some conditions for carrying out the work had to be ful- 
filled in order to meet the requirements occasioned by differences in the coal. 

The greatest quantity of coke is used for blast-fumace work. For this pur- 
pose, a fuel is necessary consisting, as far as possible of pure carbon containing 
no volatile constituents. The coke for smelting works must be as dense as 
possible. These qualities were not found in the coke from the gas works 
indeed gas coke is almost useless for metallurgical purposes, principally 
because of its sponginess. To avoid the formation of pores in the coke the gas 
from the coal must be allowed to remain in contact with it for a longer time 
than is possible when the principal object is the manufacture of coal gas. 

Although it is therefore necessary to manufacture coke, apart from^ that 
produced in gas-works, there is still no question of again using the old fashioned 
nietbod of distillation in piles or open furnaces since the useless waste of the 
products of distillation would represent an enormous loss of money. Further, 
a new factor has come into consideration which forced the adoption of a new 
method for obtaining coke, the fact that the chemical industry demands 
<^' er increasing quantities of coal tar and the products of its distillation. 
Indeed the demands are so great that the gas-worKS can no longer meet them. 

All these circumstances led to the production of coke by dry distiUation, 
which has practically done away with the older methods. The coal for the 
production of coke is freed from gas at as high a temperature 
using the regenerating method of heating. The gases are drawn off and led 
back into the coke furnace for heating purposes. In o^er that the coke 
acquire the required compactness, the coal is built up in high piles so that the 
lower layers are pressed down by those above. This prevents the formation 
the spongy coke which results in the manufacture of coal gas where the 
cnal in the retorts is spread out in thin layers. 
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Before the gas given off from the retort is used for heating, the valuable 
constituents such as ammonia, tar and benzene are separated. 

The separation of the gas water, the ammonia water, and the tar is carried 
out generally by the same methods as in the manufacture of coal gas. Compare 
Coal gas. The recovery of benzene from the gases of the distillation of coal 
is of special importance. This product must not be removed from gas which 
is to be used for illuminating and allied purposes since it forms the most im- 
portant constituent as regarcfe the illuminating power of the gas flame. Indeed 
coal gas is sometimes carburetted by the addition of benzene vapours to 
increase the intensity. Benzene is however of no importance as a heating 
agent and its presence is consequently no loss in distillation for the preparation 
of coke, in which the heating value alone is the determinating factor. 

There are several methods for separating the benzene from the other gases 
obtained in the manufacture of coke. Either the benzene is separated from 
the gases by means of cooling machines, or the gases are washed according 
to Brttnck*s method, with oils of high boiling point which retain the benzene. 
The Bulmke Coal Distillation Company wash the gases for the purpose of 
retaining the benzene in the same way as Brunok, that is with a tar-oil 
of high boiling point, but emplcw simultaneously a cooling machine which 
keeps the tar-oil at 1^^ to O^C. This modification has been adopted since it 
was discovered that the benzene is the more perfectly retained by the tar-oil 
the colder the latter is kept. 

On the further treatment of the tar thus obtained compare Coal tar. 
The apparatus used for the distillation of tar in order to remove the light oils 
is also employed for regaining the benzene absorbed by the washing oils. 

New patents dealing with this subject are: — Germ. Pat. 171901, 171203, 
174696 and 176366. 

Colanine. A glucoside contained in kola nuts which splits into caffeine, 
kola red and sugar under the influence of ferments. 1 part colanine is equivalent 
to 14 parts of the fresh kola. 

Colanine, which separates into its ingredients under the action of the saliva, 
is an excellent stimulant and is used for many complaints, especially for 
lassitude, and the heart weakness of neurasthenia. It is given as tincture, 
in the form of pills, lozenges and tablets, made with extracts of colanine. 

Colchicine. C 22 H 25 NO^, Alkaloid of Colchicum autumnale. It is prepared 
by extracting the whole colchicum seeds with strong alcohol, evaporating the 
solution, mixing the residue with a large amount of water, filtering, and 
extracting the colchicine from the filtrate by shaking it with CHClg. The 
colchicine is then obtained by distillation in the form oi colchicine-chloroform. 

The alkaloid itself is brought into commerce in small yellow plates or as 
a wMtish yellow powder. It is readily soluble in water, alcohol, and chloroform, 
and only sparingly soluble in ether. M. P. 146°. 

Colchicine is a deadly poison; it is prescribed — in the pure state and in 
the form of its salts — but only to a comparatively slight extent for gout and 
rheumatism. 

Gollargol (Argentum oolloidalb). Colloidal silver (also called Crbde's 
silver) may be prepared by allowing a solution of iron citrate to act on a dilute 
solution of (diver nitrate under ce^in conditions, and washing the resulting 
precipitate with a dilute solution of sodium citrate; it is then dissolved in 
water and precipitated with absolute alcohol. ^ , 

When moist, it forms a lilac, blue or creen coloured mass; when dry it is 
black and possesses metallic lustre; it dissolves in water (1 :20) to form a 
dark-brown solution. 
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It is in medicine for very many septic diseases, especially externally 
in the form of oollar^ol ointment (Unguentum Cbsdb). This is called the 
gilver-smear cure. It is also used in the form of tablets particularly for the 
treatment of wounds. 

GoUanrin. Colloidal gold is prepared in a similar manner to coUoidal silver; 
compare article on “(Qou)** and ‘‘Collargol**. It is said to find employment 
in medicine in the treatment of syphilis, scrofula, and cancer. 

Collodion and Collodion wool. The latter product is a dinitrocellulose. 
For its preparation pure cotton wool is nitrated with potassium nitrate and 
H 2 SO 4 or with HNOg and ELSO^. For nitrating 1 kg of cotton wool a mixture 
of 20 kg H|S 04 and 9 kg KNOj, is used. The cotton wool is allowed to remain 
in the acids until a sample slightly washed with HgO and then with alcohol 
easily dissolves in a mixture of 2 parts of ether and 1 part of alcohol. Mann 
gives the following method. A mixture of 31 parts of concentrated H^SOgand 20 
parts of powdered BlNOg is used. The reaction is carried out at a temperature 
of 28—30® C. and the cotton wool is allowed to remain 24 hours in the mixture 
although the nitration is finished muofi sooner. If a mixture of both acids 
is used, the temperature of nitration must not exceed 8 ® C. A mixture of 
89 parts of HNO3, S. G. 1.424, and 104 parts of H 2 O 4 , S. 6. 1.833, is used. 

The collodion wool (dinitrocellulose) is first washed with cold HjO until 
no longer acid, then in boiling H 20 ,and finally dried at a moderate temperature. 

For the purpose of removing the acid and rendering it stable the collodion 
wool (according to Germ. Pat. 150319), is while still wet placed in a hydro 
extractor into which dry super-heated steam is allowed to enter. When the 
steaming process is ended, the collodion wool is washed, first with hot and 
then with cold water in the drum, while the latter is still in motion. For the 
preparation of collodion, the collodion wool is dissolved in a mixture of 2 to 
3 parts of alcohol and 16 — 20 parts of ether. The solution forms an almost 
colourless, viscid liquid, which on drying leaves a colourless unbroken skin. 

Collodion wool is used for the preparation of Cblluloidinb, Celluloid, 
and Blasting gblatinb. Compare the articles on Cblluloidinb, Celluloid 
and Dynamite. Collodion is principally employed in photography and 
medicine. 

Collodion and Collodion Wool: 

Westf&lisoh-Anhaltisoho 8prengstoff-A.-G., Berlin. 

Colloidal Bodies. Numerous recent experiments have proved that there are 
many metals winch can be obtained in a lorm soluble in water. These metallic 
colloids or hydrosols are probably not really entirely solutions, but contain 
the metal in a very fine state of suspension. The property of forming colloidal 
®^^?tion 8 was first studied accurately in the case of Au and Ag and of metals 
which can be readily reduced. The colloidal form results when the reduction 
takes place in very dilute solution. For example coUolidal silver is obtained 
form of blue or red solutions by reducing very dilute AgNO^ solution 
with FeS 04 “ presence of some organic acid such as tartaric or citric acid. 
A very interesting method for producing coUoidal metallic solutions has been 
mscovered by Bbedig. He aUows electrodes of the metals in question to 
uismtregate under water and thus obtains liquids of a deep colour in which 
the metal is dissolved in its elementaiy form. 

Bredig's method yields metallic hydrosols of great purity, but the purely 
Chemical methods have also been greatly improve. A very lasting deep blue 
solution of gold can for instance be obtained by reducing neutral AuCl, 
solution 1 : loco with hydrazine hydrate 1 : 2000 . Paal's method for ob- 
taming coUoidal gold is to take 4 parts of protalbinic acid dissolved in 
Blhoher. 13 
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24 parts of 6 percent aqueous sodium hydroxide and 1.7 parts of chloride 
of jmld also dissolved in water. On warming on the water bath a red colour 
will appear and gradually, on further addition of sodium hydroxide solution 
this w&l disappear. The liquid is opaque in reflected light but is deep 
red by transmitted light (if observed in thin layers). It is purified by dialysis 
in a current of distilled water, and the contents of the dialyser are concentrated 
on the water bath and after this the gold preparation is precipitated in heavy 
dark red scales by pouring the solution into several times its volume of alcohol. 
The precipitate after being dried in a vacuum changes into a dull brownish- 
violet mass. It is worthy of note that this preparation will readily and com- 
pletely dissolve in HjO after being kept for several years, yielding a beautiful 

red solution. i • • u j i 

During the last few years so many new methods for obtaming hydrosols 
have been brought forward that they cannot be mentioned here.^ Some fisher 
important processes are, however, alluded to under the articles on Gold 

and SiLVEE. , . .. . j v • ^ u 

Although formerly only colloidal metals were investigated, chemists have 
now been able to obtain bodies, in themselves insoluble, in a soluble form or 
in extremely fine states of suspension. Indeed the whole matter is now 
considered in a wider sense. For instance silver chloride as well as silver 
bromide and silver iodide have been obtained in solutions of gelatine, pd 
colloidal indigo has been obtained by the aid of protalbinic and lysalbinic 
acids. See Indigo dyes. 


Carl Zeiss, Jena: Ultramicroscopy of Colloids, Mikro 229. 

Colophony. This is obtained by heating turpentine or resin for some time 
without the addition of water, i. e. the oil or ream ia diatilled. Recently 
the distillation has been conducted in steam. . . , . ^ .... . 

The resultine colophony ia a yellow or brown ream which is bnttle, trans- 
narent and almost odourless. S. G. 1.01 to 1.08. Soluble in alcohol ether 
and oils. It softens at 70® and melts between 100® and 136®. By the dry 
distillation of colophony, resin oils, pinoline and combustible gases are obtamed 
and at the same time acid liquors which are used in the manufacture of acetic 
acid. The residue is a kind of pitch. , , . r 

In addition to the above-named uses, colophony is employed in the manufac- 
ture of varnishes, plasters, and cements. 

Colorimetry. The colorimeter serves for comparing any coloured liquid 
A with another substance B (solid or liquid), with respect to the absorption 
of light by them. Two bottles close together, the so-called fields of comparison, 
are illuminated by A or by B. The depth of the layer of A — when B is a 
fluid the depth of the layer of A or of B — is now changed, till the two fields 
of comparison are equally illuminated and appear of the same colour; when 
this is attained the measurements are made. The sensitiveness of the arrange- 
ment is greatly increased when the light that reaches the eye from the fields 
(comparison fields) is strongly absorbed by the substances to be compared. 
For tto reason the light from the fields of comparison is either spectroscopically 
broken, or the experimenter looks through a suitable light filter, e.g. » 
coloured glass, into the comparison fields. , , r 

Cj The required concentration (number of g m 100 cem solution) of tne 
solution of a coloured substance, 
d. The depth of the layer of the solution. 

c The known concentration of a solution of the same substance, 
d! The depth of the layer of this solution with similar light and colour 
of the companson fields; then the required concentration is 

0 - 

d, 
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Colorimeten: 

Hftos Heele, Berlin O. 27. 

Colours see the special articles. 

Colonn for China: 

Johnaon, Mathey & Co. Ld., Hatton Garden, London E.C. (see advt.). 

Coloor-Grinding Machines: 

J. M. Lehmann, Dresden* A. 28, Germany (see front part advt.). 

Combustol. A liquid antiseptic plaster containing salicylic acid in 4 % 
solution. It is used in skin diseases and for applying to suppurating wounds. 

Compressed gases. Hydrogen, oxygen and chlorine are brought on to 
the market in this form of gas. Recently nitrogen has also been sold as a 
compressed gas. Ammonia, carbonic acid and sulphurous acids are not met 
with in a compressed state, but are sold as liquids. 

Condensation of Gases 



Critical 

temperature 

Critical 
pressure atm. 

B. P. at 
atmospheric 
pressure 

Melting 

point 

Sulphur dioxide 


166« 

79 


8® 

— 76® 

Ammonia 

+ 

130» 

115 

— 

36® 

_ 77# 

Nitrous oxide 

4 - 

35» 

76 

— 

88® 

— 115® 

Carbon dioxide 

4 - 

310 

73 

— 

79® 

— 66® 

Flthylene 

4 - 

13® 

62 

— 

102® 

— 169® 

Methane 

— 

82® 

66 

— 

164® 

— 186® 

Nitric oxide 



93® 

71 

— 

164® 

— 167® 

Oxygen 

_ 

118.8® 

50.8 

_ 

182.7® 

— 

Argon 

— 

121® 

60.6 

— 

186.9® 

— 189® 

Carbon monoxide 

— 

140® 

36 

— 

190® 

— 207® 

Air 



140® 

39 

— 

191® 

— 

Nitrogen 

— 

146® 

36 

— 

194.4® 

— 214® 

Hydrogen 

_ 

234.6® 

20 

— 

243® 

— 


Compressing machines. Compression implies a pressing together of powder, 
grains, or leaf-like substances mto a solia body, through pressure, without 
the addition of moisture. 

The improved machines which have been introduced during the last few 
years, have rendered possible the preparation in this form of the most varied 
articles, in many branches of industry. Compressing machines have for the 
most part taken the place of lozenge cutters, thread cutters, casting moulds 
and hydraulic presses. The advantages of articles made by the compressing 
machine are on the one hand the accuracy in form and dose or weight of 
tbe objects, and the convenient packing thus made possible, together with 
the greater length of time the preparations keep; and on the other hand 
the fact that the cost of production is very low, the action being entirely 
automatic. The material is placed in the feeders in the form of dry powder. 
The machine is then adjusted for measuring off one, or it may be two, of the 
pressed cakes into the matrix holes. The stamp then falls pressing the sub- 
stance into tablets, while the plate or rather counter-stamp which forms the 
bottom of the moulding holes rises, thus pushing up fmisned tablets which 
are automatically thrown out into receivers. 

In choosmg a compressing machine, care must be taken that the pressmg 
agents lie in a space surrounded on all sides, as in the one-armed system 

13* 
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breaks often occur, and secondly that the matrices are adjustable so that 
moulds of different sizes and shapes can be employed in tne same 
machine. 

The machines are employed for the following purposes among 
others. 

1. In pharmaceutical chemistry for making compressed medicaments, 
such as rhubarb, soda, potassium chloride, quinine, aspirine, &c. Further 
saccharine and sugar tablets with medical additions, such as tolu, santonine, 
kermes, ipecacuanna, &c. can be obtained. 

2. The salts of mineral waters are compressed together with suitable 
amounts of sugar. Among the mineral water salts in question may be men- 
tioned those of Vichy, Carlsbad, Ems, Soden, &c. 

3. In the branch of chemical technology are to be found compressed 
naphthalene in balls and tablets, ultra marine, incense and fumigating pastilles, 
disinfecting tablets, salt tablets, carbon briquettes, &c. 

4. In the manufacture of cosmetics: — washing and bath ingredients, 
mouth washes, rouge, &c. 

6. The wholesale chemical factories put out compressed soda blocks, salt 
in cakes, salamoniac in bars, and other articles. 

6. Among confectioners' wares are: — compressed peppermint and fruit 
lozenges and tablets, cough lozenges and pastilles, effervescent lemonade, 
bonbons, and chocolate in cakes. 

7. The food industry supplies soup tablets, tea tablets, coffee tablets, 
and many others all made with the compressing machines described 
above. 

Compressers: 

Emil Fassburg, 30 Great Helens Street, London E.C. 

Wegelin & Huebner A.-O., Halle a. d. S., Germany. 


Condensation. 

Condensation of gases: 

Friedrich Heckroann, Berlin SO. 16, Briickenstr. 6b (see advte.). 

Condensers : 

Volkmar Haenig A Comp., Heidenau-Dresden, Germany (see front part culvt.). 

Friedrich Heckmann, Berlin SO. 16, Briickenatr* 6b (see advts.). 

Condenser Plants: 

Wegelin A Huebner A.>G., Halle a. d. S., Germany. 

Earthenware Condensing towers: 

Fr. Chr. Fikentscher, Zwickau Sa., Germany (see front part advt.). 

Earthenware Condensation Vessels: 

Fr. Chr. Fikentecher, Zwickau Sa., Germany (see front part adyi.). 

Confectionery. 

Confectionery, machinery, dyes: 

Werner Pleiderer A Perkin Ld., Peterborough. 

Gonephrine. A solution of cocaine and paranephiine used as a local au' 
aestfetic. 
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Coniine* An alkaloid of the hemlock, Conium maculcUumf contained in 
all parts of the plant but especially in the fruits. 

(feniine C,H„N, is a-propyl piperidine 


CH 


CH2 

»< >NH 

XH 2 — CH — C 3 H,. 


The naturally occuring coniine is the dextro-rotatory form. It is prepared 
by allowing the crushed unripe seeds of the hemlock to swell in water and 
then moistening with concentrated Na^COg solution. The coniine is then 
removed by distillation with superheated steam. The distillate is treated 
with HCl, evaporated nearly to diyness, extracted with strong alcohol, and 
filtered off from the NH4CI. Finally the alcohol is distilled off, the product 
is accurately neutralised with NaOH and shaken out with ether; the solution 
is then strongly cooled, when other alkaloids separate and are filtered off, 
the ether being finally distilled off. 

The coniine is purified by drying with K 2 CO 3 and distillation in a current 
of hydrogen. Coniine has also been prepared synthetically. It is a colourless 
or very pale yellowish oily liquid with a most disagreable smell. S. G. 0.850 to 

0.860 at 15°. Its’boiling point in a current of hydrogen is 167°, in air 165—170°. 
When strongly cooled it crystallises but melts again at — 2.5°. It dissolves 
with difficulty in HgO (more readily in cold water), but very readily in alcohol, 
ether, acetone, and oils. 

It is a strong poison. It is used in medical practice externally in the form 
of ointment for alleviating pain. Inwardly it is given in cases of cramp of 
the stomach, whooping cough, neuralgia. It is sometimes administered sub- 
cutaneously. 


Conserving. The treatment of perishable substances to increase their 
stability. Conservation is carried out by; . . . • 

1. Cold. Ice safes, refrigerators, ice houses, transport ships with ice 
cooling apparatus, &c. are used for preserving foods, especially meat. 

2. Drying. As examples may be quoted codfish, meat powder, dried 
fruits, compressed and dried vegetables, &c, 

3. Heat. Killing the micro-organisms by heat is done by boiling the food 

substances, by disinfecting by steam, see Disinfection, and by Pasteur s 
method. This latter method is carried out by heating on several days each 
time to a temperature of 60 — 80° whereby the sterilisation is certainly complete 
but the nutrSive substance is not so affected in taste and consistency as is 
the case by boiling, ^ j / 4 .u* 

4. Exclusion op air while the mioipbes are being destroyed, or after this 
has been done. To this class of conserved articles belong tinned fruits, vege- 
tables and other canned goods. While the contents are being cooked or 
immediately after, the tins are soldered in a water bath,^ as is the case also 
with the well known corned beef. Further we may mention s^jdines in oil; 
the covering of eggs with lime, the coating of fruit with melted paraffm, &c. 

5. By the USB of chemical agents. To this class belong salting, and 
smoking in which not only drying, but also impregnating with antiseptic 
substances such as creosote and wood vinegar, pyroligneous acid, is essentiw. 
To this class belongs also treatment with strong sugar solutions for fruit, 
®«l 8 o with vinegar and solutions of salt and spirit. Other substances for pre- 
serving foods are usually forbidden, such as borax, boric acid, salicylic ajid, 
and sodium bi- sulphite. Of late formaldehyde has been successfully m 
very weak solution, or still more successfufiy in the form of vapour for the 
conservation of foods. For materials which are not intended for consumption, 
®^any other substances besides those named are used for conservation, such 
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A8 tftonio Acid for tho consorvfttion of AnimAl skins, sulphuric Acid for wine 
vats numerous kinds of metallic salts for wood, and so on. Compare also the 
articles on Tanning and Wood. For anatomical, zoological, botanical 
and other kinds of preserving, alcohol, glycerine, arsenic acid and merciirio 
chloride are used. Besides these, of late the preserving of the last named 
class of materials has been extensively done with a 0.2 to 4 per cent solution 
of formaldehyde. 

Compare Milk, Disinfection, Meat preparations, and Antiquities. 

Contact reactions. These are reactions which only occur in the presence of 
certain substances which themselves apparently suffer no change in tlie 
process. Such reactions are exemplified in Deacon's process, in the pre- 
paration of formaldehyde and sulphuric anhydride. Compare also the article 
on Catalysis. 

Germ. Pat. 142866 protects a contact apparatus for the preparation of SO^. 
This consults of woven materials stretched on frames, the former being plati 
nised. Conoething the process involving the use of contact substances in which 
there is no loss of material see Chlorine. (Deacon’s Process.— Germ. Pat. 
143828.) 

Cooling apparatus. 

Cooling apparatus and worm-condensers: 

VoUcmar Haenig & Comp., Heidenau-Dreeden, Germany (see front part advt.). 

Friedrich Heckmann, Berlin SO. 16, Bruckenstr. 6b (see advts.). 

Cooling Plants: 

Friedrich Heckmann, Berlin SO. 16, Bruckenstr. 6b (see advts.). 

Wegelin & Huebner A.-G., Halle a. d. S., Germany. 

Copaiva Balsam. Similar to the turpentine obtained from various species of 
pine. Prepared from certain trees (South America) belonging to the gemip 

is a yellowish or pale brown liquid with a spice-like smell and a bitter, 
burning taste. When freshly -prepared it is oily out gradually changes into 
a resin. S. G. 0.936 to 0.998. Three kinds are recognised, viz. Brazilian, Para 
and West Indian. 

Copaiva balsam is a valued drug. It is also used in the manufacture et 
varnishes and for rendering paper transparent. 

Germ. Pat. 167170 protects a method for the manufacture of neutra 
preparations and Germ. Pat. 183186 a method for the production of solid 
condensation-products of copaiva balsam. 

Copal. This is the name applied to different resins of which the origin 
is only partly known, A distinction is drawn between hard and soft copals; 
important among the hard copals is the East-African or Zanzibar coj^l 
— probably a fossil gum — which is found in pieces as large as peas or the 
fist. Also the origin of the hard Sierra-Leone copals is unknown. Of the 
soft copals may be mentioned the West-Indian or ball copal, and especially 
the Kaurie copal. The former — which, it may be said, hardly ever re^hes 
Europe — is derived from the tree Hymenaea courbaril, the latter from 
Dammara australis and ovalra. The fresh gum of the Kaurie tree as well 
as the fossil resin found in the earth are now brought into commerce under 
the name Kaurie copal. , 

Zanzibar copal forms, after the removal of the impurities by scraping an« 
washing, a colourless to brown-red glassy transparent mass the surface o 
which 18 like goose skin. 
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The ball copal forms a yellow or greenish-coloured mass usually coated 
with a crust of earth and possessing an unpleasant odour and bitter taste; 
it is found in ball-like lumps often as large as melons. Kaurie copal is very 
much harder than Manilla and ball copal although softer than the expensive 
Zanzibar copal. The Kaurie copal is, fudgii^ by the great demand, the most 
important kind of copal; it is found usually in pieces of the size of a nut or of 
the fist, more rarely m large lumps, which, however, sometimes occur weighing 
as much as 60 kg. The Kaurie copal has an oily lustre and possesses a pleasant 
taste and smell. 

The above mentioned copals and the other occuring varieties may be 
distinguished by their specific gravities, which are most advantageously 
determined after removing the air by placing in vacuo. 



Zanzibar copal 
.A.ngola copal . 
Brazil copal . . 
Kaurie copal . 
Manilla copal . 


determined 

directly 

determined 
in vacuo 

1.067 

■’^1.068 

1.064 

1.081 

1.018 

1.082 

1.050 

1.116 

1.062 

1.121 


Hard copal melts at 340®, half hard at 180®. CJopal is used for the preparation 
of the valued copal varnishes. 

According to Dr. Carl Goldschmidt a substitute for copal may be arti- 
ficially prepared from formaldehyde resin ; a colourless resin, which is a good 
substitute for Indian and Zanzibar copal, may be obtained by allowing mono- 
methylaniline to stand with HCl and excess of formaldehyde, precipitating 
the resin with sodium hydroxide, filtering, and allowing it to cool. 


Test. Hertkorn has worked out a method for determining the mineral 
and organic impurities in the hard resins (half hard and hard copals). The 
following extracts are taken from the Chemiker-Zeitung 1902, page 602. 
In this method a mixture of 20 — 25 parts of amyl acetate, 40 — 50 parts of 
amyl alcohol, and 25 — 40 parts of ethyl alcohol (above 96 % by wt.) is used 
as a solvent. The finely- pulverized hard resins dissolve in this mixture while 
the impurities remain behind undissolved. The method itself according to 
Hertkorn is as follows: — 6 — 10 grams of finely- powdered hard copal resin 
are exactly weighed, brought into a beaker (50—120 ccm) and treated with 
25—50 ccm of the solvent described above. Care must be taken that the 
powder is constantly stirred with the solvent by means of a glass rod until 
there is no longer danger of lumps being formed. The beaker is then placed 
in water at 70^—80® C., the mixture stirred until it starts to boil, and then 
digested for % to 1 hour. During this operation the beaker must be kept 
covered and the mixture stirred now and then. 

After all the copal resin has gone into solution (this can be seen by the 
powdery sandy state of the undissolved parts as well as by the absence of resin 
on the glass rod), the mixture is allowed to settle and then the clear resinous 
solution carefully decanted (as long as it runs off clear) into a larger clean 
oeaker. If hy chance or carelessness the decanted liquid still contains 
it must again be allowed to settle and then the sediment added to 
® bulk. The solvent described above may be used for washing and the 
sediment is then again treated as above with 25 — 60 ccm of the solvent. These 
IJ^®^^^l®-tion8 are repeated until a drop of the decanted liquid, after being 
neated on a piece of platinum foil, shows the absence of resin. According to 
e nature of the impurities of the copal resin, filter paper — dried and weired 
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at 106® — may be used for filtering the latter portions of liquid seeing that 
these solutions which contain less resin do not settle well and cannot bo 
decanted free from sediment. Care must however be taken that the resin 
does not dry on the paper during these operations otherwise the pores become 
blocked and can only be incompletely opened by treating for a long time 
with solvent. The sediment free from resin and the filter paper are then 
washed twice with ethyl ether, the filter paper returned to the beaker, the 
ether allowed to evaporate, and then the whole dried at a temperature of 105® 
until the weight is constant. Different species of hard copal often contain 
fragments which resemble porcelain in appearance, give an intense and 
characteristic smell on being heated, are extremely hard, and can only with 
difficulty be brought into solution. At all events it is advisable to wash out 
with ether even in this case because the original solvent is removed and the 
residue can be more readily dried and weighed. If the sediment when dry 
adheres to the glass and is not perfectly powdery the treatment with amyl 
acetate or ether must be repeated. For the determination of the ash the sedi- 
ment may bo used or the original copal resin heated with ammonium nitrate 
in a platinum crucible. The method is specially suitable for splinter copal 
and dust copal. — The impurities of the latter vary between 0.5 % to 50 %; 
more than 5% of organic impurities rarely occur, the average being 0.3 — 2.6%, 
while from 1 — 5 % of mineral impurities may be found. Larger impurities 
consist of sand or earth. Further the copal always contains some of the raw 
fibres of the sacks. 

Copal oils. For the preparation of oil -varnishes the copals are submitted 
to a dry distillation in which the escaping vapours were formerly allowed 
to escape; the distillate is now however usually preserved. 

According to L. Schmoelunq (Chem.-Ztg. 1905, 955) the copal oils are 
Quite different products according to the material used. Thus the Kaurie oil 
derived from Kaurie copal forms a light mobile bright yellow liquid with a 
pleasant aromatic smell, S. O. at 16® 0.8677, which does not alter on standing 
in the air. On the other hand the Manilla oil, obtained by the distillation of 
Manilla copal, forms at first a rosy liquid which quickly turns cherry red. 
S. G. at 15® 0.9069. Schmobllino also obtained other interesting results 
but for these we must refer our readers to the original paper. 

The copal oils are now only used to a small extent ; they are partly burned 
and partly added in smaller amounts to varnishes. 

Copper. Cu. At.Wt. = 63.3. The most important copper ores are copper 
pyrites Fe-Sg . CugS, purple copper ore FcgSg . 3 CugS, copper glance CugS, 
ruby ore OujO, malachite CuCOg -f 3 Cu(OH) 2 , azurite 2 CuCOg -f Cu(OH) 2 » 
as well as iron pyrites more or less rich in copper. The methods of obtaining 
copper may be divided into two classes — the dry and the wet methods; 
the dry method is more suitable for ores rich in copper, whereas the wet 
method may be more profitably employed where the ores are poor. 

The dry smelting is carried out in hearth-, shaft- and reverberatory 
furnaces; the process with the oxide ores is very simple, but a very impure 
product is obtained. The winning of the copper from the sulphur ores is more 
complicated but allows of the direct production of purer copper. 

The sulphur ores are usually roasted before smelting, but the roasting is 
only incompletely carried out, so that the roasted ore still contains coppof 
ana other sulphides. In this part of the process the oxidized iron forms with 
the silica which has been added a fusible slag which contains little or no 
copper. By repeating the roasting of this “coarse metar' an action takes 
place between the CuO (or CugO) which is first formed and the CU 2 S still 
present with the formation of metallic Cu — the so-called “black copper 
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coataining 93—95 % Cu. The reaction is expressed by the equation 2CuO 
-f CugS = 4 Cu + SOg. To avoid the different processes of roasting and smelt- 
ing, the Bessemer process (see “Piq iron*') has been recently used with 
advantage for the preparation of black copper from coarse metal. In the 
converter the “pyrites smelting process" also takes place; this can be used 
with all copper ores which contain Au, Ag, Cu and the necessary sulphur. 
To mixtures poor in sulphur, pyrites is sometimes added; besides this there 
must also be the necessary amount of silica present. It is advantageous to 
work with hot air. 

The black copper is refined in order to remove the impurities and this is 
usually carried out by fusion with simultaneous oxidation. The impurities 
arc partly carried away in the slag and partly volatilized. After this 
oxidation, which is accomplished by an air-blast, the metal is reduced 
br adding charcoal. The refining process is usually carried out in 
reverberatory furnaces. 

The extraction of copper by the wet method is especially suitable for poor 
ores. In all these wet methods the copper must first be rendered soluble, 
then dissolved, and precipitated from the solutions, while the treatment of 
the “cement copper’^ forms the final process. The ores are converted into 
the soluble state hy treatment with H2SO4 or with HC3 or else they are sub- 
mitted to a “sulphating" or “chlorinating" roasting (the latterwith the addition 
of chlorides of the alkali metals) and afterwards lixiviatedwith water, dilute 
H2SO4 or salt-solutions. The copper is then usually precipitated from these 
lyes by means of iron, after which the resulting “cement" copper is submitted 
to different refining processes. Recently it h^as been proposed to pass SO- 
into a copper sulphate solution, cupro-cupri sulphite is thus precipitated ana 
free H2SO4 formed; the latter decomposes the sulphite again into Cu and 
CUSO4. This process, proposed by van Arsdale, is found in the English 
Pat. 2036 of 1903, while according to the Germ. Pat. 151658, SO^ is allowed 
to a(5t on copper oxide or copper carbonate which has been made into 
a paste. 

The direct electroly tical process of winning copper has not yet come properly 
into use, although it is becoming of increasing practical importance. In the 
ordinary process the ores are lixiviated with ferrous sulphate (or with copper 
chloride). In these electrolytical processes the lixiviating salts — which become 
reduced to ferrous sulphate (or cuprous chloride) in the process of rendering 
tile copper compounds soluble — are again oxidized at the anode when the 
solution is electrolysed, so that the method is continuous. The cathode is 
made of sheet copper and carbon rods form the anode. Numerous alterations 
and improvements cannot be discussed here. The Germ. Pat. 160046 which 
also treats of a direct electrolytical process may however be mentioned. 

Tlie electrolytical refining of copper is however of much greater importance 
than the electroljrtical extraction of copper. In principle this process is the 
same as that of electro-deposition, that is, the electrolyte is an acidified CUSO4 
solution, the impure copper serves as anode, and pure copper is deposited on 
the cathode. 

Pinally it may also be mentioned that experiments have been made with 
^ using the electric furnace in the smelting of copper ores. 

Metallic copper is bright red with a high lustre, glistening, rather hard, and 
extremely ductile. S. G. 8.94. M. P. 1080®; it “spits" on solidifying and is 
ou this account difficult to cast. It may be welded at a bright red heat, but is 
Tittle just below the M. P. and can then bo readily powdered. 

because of its great conductivity it is largely used in electrical work, 
this purpose it must be pure, since the presence of traces of impurities 
greatly lowers the conductivity. It is also used in the manufacture of various 
apparatus, in the construction of ships, for plates (engraving) &o. 
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The alloys of copper are most important (q. v.) 

Copper tubes: 

Friedrich Hockmann, Berlin SO. 16, Briickenstr. 6b (see advts.). 

Copper adhesive meal. An effective remedy for Peronospora vUicola in 
vineyards. 

Copper alloys. Of the copper alloys the bronzes are treated in a separate 
article. Aluminium bronze is described under “Aluminium alloys”, “Tung- 
sten bronze” under “Tungsten alloys”. Further “New silver” (Al 
FBNiDBS) under “Nickel compounds”, “Copper steel” under “Iron alloys”. 
“Cupromanqanbsb” under “Manganese alloys”. 

1. Brass. Copper-zinc alloy of very varying composition : Brass is a general 
name given to copper alloys with more than 18%Zn. It is prepared by 
melting together the two metals in the requisite proportions. 

2. Tombac (red brass). Copper-zinc alloys with less than 18 % Zn. Tombac 
with 12 — 18 % Zn is known under the name Talmi gold, Cuivre poli &c. 
Red and yellow brasses often contain Sn and Pb. 

3. Delta metal. Copper-zinc alloys with 60 % Cu. These possess great 
strength and toughness on account of the presence of a small amount of iron : 
They can be welded at a red heat. 

4. Gauging metal and Sterro metal resemble delta metal and also 
contain iron. 

6. Durana metal. An alloy of ^Iden colour which consists principally 
of Cu and Zn; it can be welded. Durana metal is characterised by gn‘at 
strength and ductility. For rolled knives of a rag machine of durana metal 
the following results were obtained in the half -hard state : Limits of elasticity 
35 — 40 kg, breaking weight 45 — 52 kg, expansion 12 — 18 %: in the haul 
state: Limits of elasticity 50 — 55 kg, breaking weight 60-— 65kg, and expansion 
8 12 %. 

6. Phosphor copper. Alloy of Cu with 5 — 15 %P. It is used as an addition 
to other metals and for refining purposes in order to obtain a dense casting 
free from bubbles. It is also used for the manufacture of phosphor bronze. 
See under Bronze. 

7. Silicon copper see Silicon. 

8. False gold bronze is powdered brass foil, see Sheet metals. 

Copper alloys: 

Friedrich Heckmann, Berlin SO. 16, Briickenstr. 6b (see advts.). 

Copper compounds. 

1. Copper acetate see Verdigris under “Copper colours'*. 

2. Copper chlorides. 

a) Cuprous chloride Cu^Qj. Obtained by boiling CuClg with HCl and 
copper foil. White crystals msoluble inHgO and alcohol, which oxidize in 
the air. 

b) Cupric chloride CuClg. Obtained by dissolving Cu in aqua regia or 
CuO or CuCOg in HCl. It forms light bluish-green crystals CuClg -f 2 H-jO 
which readily dissolve in HgO and alcohol. On being heated the yellowish 
brown anhydrous salt is formed. 

Test. It is usual to test only for iron (by saturating the aqueous solution 
with NH«) and to determine the amount of Cu in the hot hydrochloric acid 
solution, by means of stannous chloride solution according to Weyl's process. 
It is titrated until the green coloration completely disappears. 

For further information see Zeitschr. f. analyt. Chemie, Vol. IX, Page 297 
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3. Copper carbonate. The normal salt CUCO3 unknown; the basic 
( arbonate occurs in nature as mountain blue. A compound of the composition 
CHiCOg 4 - Cu(OH )2 is artificially obtained by precipitating a lukewarm CuSO* 
solution (free from iron) with excess of NajCOg solution (or with CaCOg), 
and washing and drying the precipitate. The colour is altered by the addition 
of heavy spar, gypsum or zinc white. 

4. Copper chromate CuCr04. It is obtained as a yellowish brown pre- 
cipitate which contains HgO by precipitating boiling CUSO4 solutions with 
K2Cr04; in the anhydrous state it is black (chrome black). A solution of 
copper ammonium chromate is technically known as copper chromate. This 
solution which is used in dyeing is obtained by dissolving (at boiling point) 
1 part KgCrjO, in 20 parts HgO and adding 2 parts CUS64 to this solution. 
The copper chromate is then precipitated by means of a concentrated NagCOg 
.solution (1:2), decanted, the precipitate washed, dried until it forms a thin 
paste, and dissolved in as little ammonia (S. G. 0.91) as possible. The dark 
}j;reen solution is quickly filtered through flannel, concentrated to 25° Be., 
and stored in well-stoppered bottles. 

5 . Copper nitrate Cu(N03)2. Obtained by dissolving Cu or CuO in HNO3. 
It forms blue crystals with varying amounts of HgO. Basic nitrates are also 
known. 

6. Copper oxides. 

a) Cuprous oxide CugO. Obtained by the incomplete oxidation of Cu 
(by heat), or by allowing Cu to stand in H2O containing dissolved air. Also 
by boiling an alkaline solution of equal parts of CUSO4 and grape-sugar; it 
forma bright red crystals or pow'der. Glasses are coloured red with CugO. 

b) Cupric oxide CuO. Obtained by heating Cu(N03)2 or igniting Cu in 
the air. Black amorphous mass which is readily reduced to Cu at a moderate 
heat by organic substances. Its use in elementary analysis depends on this 
fact. CuO colours glass green. 

c) Copper hydroxide Cu(OH) 2. Obtained by the action of KOH or 
NaOH on solutions of cupric salts as a bluish green bulky precipitate. It 
dissolves in NIL to a solution of a dark blue colour which dissolves cellulose. 
It dissolves in NaOH and KOH only in the presence of organic bodies such as 
tartaric acid, sugar, &c. On being heated (even under HjO) the hydroxide is 
ton verted into CuO. The intermediate stages are blue or dark blue in colour. 

7. Copper sulphocyanidb Cu 2(CNS)2. Obtained as an insoluble precipi- 
tate by treating crude sulphocyanide liquors with CUSO4 and SOg. Iron 
vitriol may also be used as a reducing agent instead of sulphurous acid. 

It is sold commercially in the form of a paste (white paste). 

H. Copper sulphate. (Copper vitriol, blue vitriol) CUSO4. Obtained by 
treating copper waste, copper turnings, malachite, or black copper with H2SO4 
also by heating Cu withS, roasting the resulting copper sulphide and lixiviating 
the product. 

According to a paper read by Gin (of Paris) at the International Congress 
for Applied Chemistry held in Berlin 1903, CUSO4 may be made by submitting 
iron and copper ores to a “sulphating"’ roasting, then lixiviating with HjO, 
converting the ferric salts by means of SOg into ferrous salts, and heating 
lu autoclaves to 180°. At this temperature the CUSO4 is said to lie still 
soluble, the FeS04 <^n the other hand insoluble, so that the solution can be 
separated from iron by pressing. The most suitable strength of the solution 
IS said to be 350 — 400 g sulphate per 1 litre. 

According to Germ. Pat. 120822 and 135182 for the preparation of metallic 
sulphates from the sulphides, the latter (in this case copper sulphide) are 
ueated in the absence of air and in the presence of iron bisulphide with 

^uuiono- or poly -sulphides, then allowed to decompose in the air, and 
*^°^lly left to oxidize (it is an advantage to heat the mass gently during 
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this process). The resulting CUSO4 can then be lixiviated while the Fe^Og 
remains behind. Half-smelt^ ores which still contain sulphur compounds ^ve 
better results when subjected to this treatment. 

According to the Germ. Pat. 144992 the copper ore is roasted until the 
sulphide is converted into oxide and then converted into sulphate during 
cooling. Besides the CUSO4 basic iron sulphate is also formed; the latter does 
not pass into solution and can be used for treating a further quantity of ore. 

According to the Germ. Pat. 127423, CUSO4 may be prepared electrolytically 
by decomposing an alkali sulphate solution using a copper anode. Between 
the anode and the cathode chambers are two porous walls about 1 cm apart 
through which a liquid (sulphuric acid or a solution of acid-sulphates of 
the alkali metals) flows so as to remove immediately the products of 
reaction. In this way the porous walls cannot be blocked by the 
precipitation of GuO. 

The Germ. Pat. 166364 also gives a method for manufacturing CuSO^ 
electrolytically by making use of a copper anode and a diaphragm. The 
electrolyte, however, consists of an alkali chloride solution in which a small 
amount of copper chloride is dissolved. In this way caustic alkali and copper 
chloride are obtained; the latter is then converted by means of cone. H2SO4 
into the sulphate. 

According to the Germ. Pat. 157107 waste products containing metallic 
Cu are treated in such a way that they are caused to react with sodium bi- 
sulphate and concentrated H2SO4 in approximately molecular proportions 
(2 ; 3), at a temperature of 100® — 110® in the presence of an oxidizing agent 
(e. g. hot air). The above mentioned proportion is chosen according to the 
formation of the so-called pentasulphate. CUSO4 is then obtained according 
to the equation. 

4 Cu -f Na^SjO, . 3 HjO -f 3 H^SO* -f 2 Oj = 4 CUSO4 -f Na„S04 -f 6 HaO. 

Copper sulphate crystallizes with 5 HjO in blue columns wnich effloresce 
superficially in the air, become white at 200®. At this temperature all the 
water is driven off , This calcined copper vitriol on account of its hygroscopic 
qualities is used for removing the water from alcohol. Copper vitriol is poisonous 
and has a metallic taste. 100 parts HgO dissolve at 10® 37 parts, at 40® 
67 parts, and at 100® 203 parts of vitriol. Copper vitriol is insoluble 
in alcohol. 

It is used in dyeing and in calico printing, in electro-deposition, for the 
manufacture chopper colours and other copper compounds, for preserving 
wood and animal skins, in agriculture for destroying parasites, in medicine. 
&c., Ac. 

9. Copper sulphides. 

a) Cuprous sulphide CugS. Is formed by heating Cu in sulphur vapour. 

b) Cupric SULPHIDE CuS. Obtained by precipitating copper sdts with KgS 

or ammonium sulphide. Black amorphous precipitate. 

10. Copper vitriol see 8. Copper sulphate. 

11. Copper water = Iron sulphate, see under Iron compounds. 

Copper colours. 

1. Bremen blue (Bremen green); according to composition it is Cu(OH)2, 
a bluish-green not very stable colour, which is obtained by precipitating * 
concentrated CUSO4 solution with a small amount of KOH, and treating the 
filtered doughy precipitate with dilute KOH. 

2. Cassblmann's green (basic copper sulphate) CUSO4 . Cu(OH)2 -f 4 ^2^* 
Obtained by mixing an aqueous solution of 4 parts of CUSO4 with a solution 0 
3 parts of NaCjHjOj at boiling point. It forms a very beautiful green c(mper 
paint, the “fire” of which may oe increased by careful washing with sodiuifl 
hydroxide. 
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3. Chalk blub (Neuwieder blue). Mixture of Cu(OH)^ with CaS04, ob- 
tained by adding milk of lime to a mixed solution of C11SO4 and NH^Cl, 
washing with water, grinding and drying the resulting precipitate. 

4. Gbntelbs green (tin green), copper stannate. It is prepared by con- 
verting 69 pts. Sn into SnCl4 by means of aqua regia, adding a solution of 
125 pts. of CuSO^, and precipitating the colour with NaOH. 

5. Mineral blub. Artificial ccmper azure (see above). Obtained by precipi- 
tating Cu(N 03)2 solution with KOH or NaOH; the colour may bo shaded by 
mixing with white mineral paints. 

6. Mountain blue (azure blue, mineral blue, copper blue, Hamburg blue, 
English blue), basic copper carbonate 2 CuCOg . CufuH),. Poisonous mineral 
which on account of this property and its small “body’’ is now seldom used 
as a paint. 

7. Mountain green. Partly the natural mineral malachite closely related 
to mountain blue CuCOg . Cu(OH)2, and partly artificially obtained by pre- 
cipitating a CUSO4 solution with a NujCOa or CaCOg. The latter is called 
Brunswick green. 

8. Oil blub CuS. Obtained by plunging Cu into boiling S, or by melting 
together potassium sulphide and ()u ; the melt is in the first case digested with 
NaOH, in the second with H^O, and then extracted. It is a violet colour which 
is only stable when varnished. 

8. Verdigris (copper acetate) ; a distinction is made between normal copper 
acetate Cu(C2H302)2 + H-O and basic copper acetate Cu(C2H302)2 . Cu(OH)2 
•f 6 H2O. The basic or blue verdigris is obtained from wine residues after 
the sugar has been fermented to acetic acid. The husks are laid on warmed 
copper plates, warmed and the verdigris scraped off with copper knives after 
it has attained a sufficient thickness. A greener basic verdigris may be 
obtained by treating copper plates with flannel rags soaked in vinegar. 

Neutral verdigris is usually obtained by treating the basic salt with acetic 
acid; it may also be obtained directly from CUSO4 by decomposition with 
sugar of lead. 

Basic copper acetate forms bluish-green scaly crystals, or a light blue 
powder which is decomposed by HjO so that it cannot be used as a water 
colour. Neutral verdieris forms dark blue-green crystals which gradually 
effloresce in the air and are readily soluble in water. Verdigris is now but 
seldom used as an independent colour, and is principally employed in the 
manufacture of Schweinfurter green. 

9. Schbblb’s green (mineral green, Swedish green, copper arsenite) 
CuHAsOg. Formerly obtained by boiling AS2O3 with potash solution and 
treating the resulting potassium arsenite solution with a not CUSO4 solution, 
but now produced electrolytically by allowing the current to act on a hot 
solution of Na2S04 in which copper plates and small bags containing AsgOg 
are suspended. NagOj is formed at the cathode and this dissolves the AsgOg, 
while the CuSO^ formed at the cathode combines with the sodium arsenite 
to form a precipitate of Schbblb’s green. On account of its being so extremely 
poisonous and its possessing so little “body” this otherwise very beautiful 
colour is now little used. 

10. ScHWEtNPURTER GREEN (Kaiser green, meadow green, English green, 
P^nt green, parrot green, &c., &c.), Copper acetate arsenate Cu(C2H302) 2 • 

CUA82O4. Obtained by mixing copper acetate and AsgO., in equivalent 
at boiling point, or by dissolving lime and CUSO4 in vinegar and 
®^ding a boiling solution of AsgOg. It is also obtained electrolytically in a 
m^ner similar to Sohbblb’s green. This — the most beautiful of all green 
colours —-is brought into commerce partly pure and partly combined with heavy 
®xceetogly poisonous. AsHj is evolved by the action of the air. 

•the other copper paints are of only little importance. 
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Copper mordants. Certain copper compounds such, as copper acetate, 
copper chloride, copper nitrate, copper sulphate, and copper sulphide, are, 
comparatively speaking, but little used as mordants or oxidizmg agents in 
dyeing and textile printing. . 

Copper sulphide is used in aniline black pnntmg as well as m wool dyeing 
with logwood. In cotton dyeing with logwood and catechu copper sulphate is 
employed for increasing the fastness, and also in silk dyeing with the same 
dy^ for the production of a blue black. Various substantive dyes are rendered 
faster by treating the dyed cotton fibres with copper salts. 

Copper plating. This is always done by electrolysis, the baths used being 
acid, neutral, or alkaline. Alkaline baths are used for copper plating zinc, tin, 
and iron, as these three metals are attacked by H 2 SO 4 . 

For general details of this process, see the article on Elbctroplatino. 
The acid copper baths are essentially the same as those used in Electro 
DEPOSITION (q. V.). The alkaline copper baths are solutions of the double 
salt potassium copper cyanide. 

Alkaline copper bath (Lanobein) 200 g of neutral copper acetate are 
dissolved in 6 litres of HjO, 250 g of crystallised sodium carbonate, and 200 g 
of dry sodium bisulphite and a solution of 225 g of the purest potassium 
cyanide in 3 litres of HjO, is added to the neutral copper acetate, and the 
mixture diluted to 10 litres. The solution must be colourless or pale yellow. 
If dark in colour a little more potassium cyanide must be added. Current 
necessary: 0.5 amp. for 1 sq. m at 3 — 3.5 volt. 

Copper bath without potassium cyanide. 350 g of copper sulphate m 
6 litres of H^O are added to a solution of 1500 g of potassium sodium tartrate 
(Rochelle salt) and 800 g of caustic soda in 6 litres of water. Another 
bath (Roseleur), which has proved very useful for zinc objects is as follows. 
10 litres of HjO, 190 g of sulphate of copper, 190 g of cream of tartar (free 
from lime), 425 g of crystallised sodium carbonate and % of a litre of sodium 
hydroxide solution of 16® B 6 . 

Plates of quite pure electrolytic copper are used as anodes. The copper 
plated articles are taken from the bath, burnished with copper wire brushes, 
then rinsed several times in cold water, then in hot H 2 O, after which 
are rubbed dry with saw dust, dried quickly in an air bath and finally polished 
if a high lustre is desired. 

Copper Plating: 

Cannings, Gt, Hampton St., Birmingham. 

Sheet copper : 

Friedrich Heckmann, Berlin SO. 18, Briiokenstr. 6b (eee advts.). 

Comite see Horn, Artificial. 

Corks. According to Germ. Pat. 161987 pieces of cork are boiled in a 
mixture of 4 parts of linseed oil and 1 part of colophony until loosened. The 
residual resin is burnt away and the ash removed. The cork is said to increase 
considerably in volume and also to withstand longer immersion in water 
without becoming saturated. The method is valuable for the manufacture 
of life belts. According to Germ. Pat. 162836 corks are treated with some 
disinfectant gas such as formaldehyde, heated (dry heat) to 80® to 1 (W lO 
order to complete the sterilization and to remove the excess of gas. See Cork 
substitutes and Subbritb. 

Cork Crushers: 

Max Friedrich A Co., LeIp*ig*PUgwita 17. 

W. Stamm, 26 College HUl, London E.C., Sole agent for Friedr. Krupp A.-G, Gruflonwerk. 

Magdeburg* Buckau, Germany. 
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Corkstone. This substance is made by a patented process from finely- 
divided cork and a mineral cementing material. It is largely used, on account 
of its non-conducting and fireproof properties, in buildmg construction. By 
impregnating corkstone in vacuo with molten pitch under pressure a modifica- 
tion of the ordinary corkstone is obtained which is proof against both fire and 
water. This substance has a S. G. 0.30 to 0.40 and is the lightest material 
used in building. 

Cork substitutes. These are prepared by many different methods. See 

SUBERITE. 

According to Germ. Pat. 167780 by the action of acetylene on copper 
at a temperature of 200 ® to 260® under constant pressure a brown homogeneous, 
elastic product, cuprene, is obtained which is exceedingly light and forms 
an excellent substitute for cork. It may be worked into any desired form, 
can be cut with a knife, does not absorb water and has only half the density 
of cork. 

According to French Pat. 370637 caseine is thoroughly mixed with slaked 
lime, boric acid and cork residues, forced into metal moulds under hydraulic 
pressure and heated to 120 ®. A cork substitute is thus obtained. (The method 
seems open to question.) 

According to Germ. Pat. 186714 fine cork waste is mixed with egg-albumen 
solution and the mixture pressed into moulds and heated in steam. 

Cork carpets see Linoleum. 

Corubine. A registered (German) name for artificial corundum. It is ob- 
tained as a slag in the aluminothermy process and is used in the manufacture 
of fire-proof stones. 

Corundum, artificial. The Norton Emery Wheel Company manufacture 
artificial corundum by fusing natural bauxite in electric furnaces and then 
allowing the melt to cool gradually. The product is as hard as natural corundum 
and as tough as emery, and therefore well adapted for making emery paper 
and emery stones. 

Again artificial corundum is made by the so-called process of aluminothermy. 
See Thermite. The corundum is obtained by heating a mixture of powdered 
A1 with metallic oxides whereon the latter are reduced to the metal in question 
while the A1 is oxidized to AlgOg in the form of corundum. The Germ. Pat. 
158336 protects a process for the manufacture of chemical apparatus from 
corundum and a clay cement; after being moulded the articles are fired and 
if necessary, glazed. The Germ. Pat. 160780 protects for the same purpose 
the employment of the corundum obtained as a slag in the process of alumino- 
thermy. 

Fremy was the first to succeed in producing the precious corundums (rubies 
and sapphires) by fusing amorphous AI 2 O 3 with PbO in a Hessian crucible 
at a red heat. 

The silica of the crucible reduces the lead aluminate first formed and the 
wumina separates in beautiful crystals. If a little chromium oxide be added 
^fystals formed are similar to those of the natural red ruby, while an 
addition of a little cobalt oxide would produce the blue sapphire. The process 
producing artificial rubies has of late been considerably improved by 
v erneuil, Compt. rend. 136791. He places a small rod of clay into the point 
flame which points downwards. A finely powdered mixture 
ot chromic oxide and alumina is sprinkled in the path of the gas mixture, 
nese particles melt in the flame to tiny drops which settle on the point of the 
lay m the form of pyramids. At the apex of the pyramid the clay rod gra* 
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dually fuses, the pyramid is drawn out of the flame, becomes larger 
in the process and owing to the vibration breaks off. After this the ruby only 
needs to be cut and polished. 

Cotargite. Under this name is sold a double salt of ferric chloride and 
cotamine hydrochloride. 

Cotarnine. CJ 2 H 13 NO 3 -j- HgO. A decomposition product of narcotino 
(see Opium and Opium alkaloids). It is obtained by the oxidation of narcotine 
with dilute HNO^. 

The hydrochloride is used medicinally under the name of stypticine q. v. 
The compound with phthalic acid is similarly used under the name of 
styptol q. V. 

Cotton. The seed filaments of various species of Oossypium. When ripe 
the fruit capsule bursts and the hairs protrude. The seeds are separated by 
the ginning machine and the cotton is pressed into bales and so brought into 
the market. Different kinds are recognised according to the origin, viz. North 
American, South American, East Indian, West Indian, Egyptian, Levant an 
European. The length of the fibre is sometimes as much as 40 mm. When 
the length exceeds 25 mm the cotton is called long stapled, when less than 
25 it is called short stapled. The diameter of the fibre varies from 0.010 to 

0.035 mm. 

The most important chemical process to be noted in the manufacture of 
cotton is that of mercerization. This has for its object the imparting to 
the cotton a silky lustre, a result attained by different methods. 

1. The cotton is soaked in a solution of caustic soda, squeezed to get rid 
of excess of liquor, stretched to the original length, or even a little beyond 
this, and finally washed while still in a state of tension. 

2. The cotton is first stretched on frames and then mercerized with caustic 
soda. In this manner the cotton is prevented from shrinking. In order to 
increase the lustre, the fibres are stretched in this method too, a little beyond 
the original length. The process of mercerization not only increases the 
lustre but also the strength and the ease with which the cotton may be dyed. 

Test, In order to distinguish between mercerised and unmercerised cotton 
the following test is recommended by Langb (apart from microscopic tests), 
Report to the International Congress for Applied Chemistry, Berlin 190i 

A cold saturated solution of zinc chloride is mixed with a solution of po- 
tassium iodide and saturated with iodine e. g. 30 g ZnClg 5 g KI and 1 g I are 
dissolved in 24 cc of water, or 6 g of KI are dissolved in 12 — 24 g of water, 
1 — 2 g of I are added and the solution mixed with one containing 30 g ZnClj 
in 12 cc of water. Such solutions give a blue colour to non-mercerised cotton, 
which disappears entirely when the cotton is rinsed in cold water. In the 
case of mercerised cotton the colour persists. The test may be carried out by 
taking two samples of the material, moistening the one with water and sprinkl- 
ing both with the ZnCla solution. A comparison of the two samples shows 
at once whether the cotton has been mercerised, or not. 

If the colour of the material obscures the test the material may first be 
bleached with bleaching powder or some other substance before carrying 
out the test. 

Cotton dyeing. Cotton is usually dyed in the form of yam or when woven, 
and only rarely in the state of fibre. When pale colours are to be dyed the 
fibres are generally bleached before spinning. Otherwise the goods are boiled 
in a weak solution of caustic soda and soap to remove traces of oil, &o. The 
fibres must be thoroughly saturated before mordanting and dyeing. 



COTTONSBED OIL. 


209 


The affinity of cotton fibres for most dyes is so small that it is necessary 
first to mordant the fibres so that the dye may be fixed. Recently dyestuffs 
have been discovered which dye cotton directly, i. e. without the addition 
of a mordant. See Aluminium mordants, Chromium mordants, Copper 
mordants, Iron mordants, Oil mordants, Substantive dyes, Sulphur 
DYES, Tannin mordants, Tin mordants, Turkey -red dyeing and Basic 
dyestuffs. 

Cotton dyeing with the aid of mordants is spoken of as adjective cotton 
dyeing. Almost invariably the mordant is first applied in a separate bath, 
the most usual for basic colours being tannic acid. Before the colour isjappliea 
the mordant is fixed often by treatment with tin or antimony salts. For 
other coal-tar dyes and particularly for vegetable dyestuffs aluminium mor- 
dants are used. When no mordant is employed the process is called substantive 
dyeing. In this, the dye-bath is made up with the addition of Marseilles soap 
with the addition of NaCl or Na 2 HP 04 , the dyeing is begun at about 40® and 
the temperature gradually raised to boiling. 

To give to cotton the properties of the animal fibres] it is impregnated 
with a solution of glue or gelatine. 

^/Cottonseed oil. An oil prepared from the seeds of Gossypium herbaceum 
(chiefly in America). The seeds are separated from the fibres in ginning 
machines so that the former are tom and crushed by rotating knives. The 
seeds so divided are then pressed out into cakes between iron rollers, the 
cakes are placed in sacks and squeezed in hydraulic presses. The whole is 
at the same time heated and the oil thus pressed out hot. It is also obtained 
by cold pressing i. e. by extraction with petroleum ether, benzine, &c. 

Crude cottonseed oil is thick, dark-brown and muddy. In order to purify it 
it is mixed with a certain amount of caustic soda solution (16® B6.), the 
quantity necessary being determined by previously testing. A solution of salt 
may be added in order to facilitate the separation. This method is best 
carried out by allowing the alkali to flow into the oil in thin streams and 
constantly stirring the whole. This latter object is attained by means of a 
current of air. When the oil “breaks’" the temperature is raised (not above 60®), 
the operation being at an end when the separated liquor turns black. It is 
then allowed to settle, the clear oil washed with water and filtered through a 
filter press. If the oil be very acid it is first neutralised with NagCOg and the 
soap so formed skimmed off. The latter is used for the preparation of oleic 
acid. 

In other methods of purification water glass, milk of lime, KgCrgO^, bleaching 
powder, &c. are employed and the process is as a rule repeated. 

Refined cottonseed oil is pale yellow, and the colour cannot be removed 
by bleaching powder. S. G. at 16® 0.920 to 0.922. At 0® it has the consistency 
of butter. Saponification number 196 to 198; M.P.of the fatty acid27.7. Iodine 
number 106 to 116. It is to a slight extent a dr 3 dng oil, but is used principally 
for the preparation of soap. The refined oil is also used for the adulteration 
of olive oil, lard, &c. 

Coumarine. The aromatic principle of many plants, occurring mainly in the 
Tonka bean and in hay, woodmff &c. In other plants it is formed on drying 
^8 in hay. It is prepared by extraction of the Tonka bean with alcohol and 
forms rhombic crystals with an aromatic spicy odour like that of woodruff, 
P. 67, B. P. 206. Soluble readily in alcohol but with difficulty in water. 
It is the anhydride of coumaric acid and may be prepared s^thetically by 
heating 3 parts of salicylic aldehyde with 6 parts of acetic anhydride and 4 parte 
?f anhydrous sodium acetate under a reflux condenser. Coumarine is employed 
in perfumery for the preparation of the scent known as New-Mown Hay. 
Bliicher. 14 
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Coxine. This is the name apphed by Lud™ to a solution of coal-tar 
dyes which absorbs the actinic rays. According to Germ. Pat. 136061 in 
order to develop photographic plates m ^ylight they may ^ immers^ 
in a bath of this solution, the film is coloured red uniformly and is then quite 
insensitive to light. After the development is complete and the plate is fixed 
the colouring matter is removed by thorough washing m cold water. 

The hopes raised by the introduction of this substance seem not to have 
been Justified. 

Cranes. 

W. Stamm, 26 CoUege HUl, London B.O., Sole agent for Frfedr. Krupp A.-Q. Grusonwerk, 
Magdeburg-Buokau, Germany. 

Cream ol Tartar. Potassium bitartrate KO.H.O,. This substance is found 
widely distributed in the vegetable kingdom and wparates as a crust m mne 
vats Ac. The argol (i. e. cream of tartar) from white wine is grey, while that 
from red wine is red. Purification is carried out by grmdmg dissolvmg in 
boiling water, adding HCl, aUowing to settle ^d then evaporatmg the clear 
solution. From the crystals of semi-refmed tartar, after dissolvmg it in HgU, 
decolourizing with amVal charcoal, clarifying with clay, Wtermg, ^ucmg 
and recrystallizing, the pure tartar (cream of tartw) is obtocd. It forms 
smaU cofouriess c^stals with an acid twte, which 

or in 16 parts of hot water. The crystals are m^luble m tJeobol On h^tmg >t 
with KNO, a black or white flux is obtamed. This is really 
fom Wrom C, whUst the latter contains 0. The metU of the English 
Pat. 11991 of 1904 is mentioned in the article on Tabtabio acid, hor tbo 
manufacture of pure cream of tartar the dry material must be dissolved 
in boiling water without the addition of HQ. When necessary, the prepwation 
is decolourized with animal charooal, the cream of tartar crystallized out 

'^'*Aooo^ng^tein.*Pat!°177173 t^e crude argol is boded with a 
of oxaUo acid. In this way Ca oxalate is form^ and tartaric acid s^ w®®- 
Potassium bitartrate can then be precipitated by the addition of ^^1. 

Cream of tartar is used as a mordant, further for the preparation of tartanc 
acid and tartrates, for cleaning silver articles '*'“®**. 
yellow, for wet silver-plating, for tin-platmg, for the manufacture of bakin,, 
powder, and in medicine. 

Tkst Cream of tartar usually contains varying amounts of calcium tartrate 
and is sold either in the form of crystals, or m a fine powder. Its punty ^ 
tested as described under Tabtabio acid. When cream of tartar is ignit^ 
and the residue is extracted with HCl, the sample should give no piwipita^ 
with ammonia on boiling. The amount of tartanc acid cm be determmed 
by titration; the Ca in the usual way by gravimetno analysis. 

Cremnite, A new budding material made from clay, sand and fluor-spar. 
The materials are finely ground and mixed together and then fused at a mg 

temperature. The fused mass may then be cast mto any desi^ form, ftemmw 

is not attacked by fire or atmospheric agencies (e. g. frost), does not oxituz 
nor effloresce. It may be coloured or glazed in any desired way. 

Creoliiie. A disinfectant which is insoluble in water. With water however 
it forms a permanent emulsion. Such emulsions are prepared 
oU, q.v., and contain 26 to 30% or more of the oil. Resm soap is added m order 

to produce the emulsion. , . ^ j • i.* 

The name creoline is now registered m Germany as a de^nption for pn» 
maceutical preparations, for disinfectants and materials for the preservation 
wood, &c. 
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Creosol soap. An antiseptic used in midwifery. It is a potash soap soluble 
to any extent in water, containing 60 % of crude cresols. 

Creosotal. A carbonate of creosote, prepared according to Grerm. Pat. 68129 
by passing COCI 2 into a solution of creosote in NaOH, washing the oil which 
separates first with a solution of Na-COg and then witTi water. It is an amber- 
colour^ oil of the consistency of honey, soluble in alcohol but not in water. 
It has the odour and taste of creosote and is used medicinally as an internal 
antiseptic in cases of tuberculosis, lung disease, stomach and intestinal com- 
plaints. It has an advantage over creosote in that it is not so unpleasant to 
take, is more readily absorbed and has no irritating action. 

Creosote. A colourless oily liquid with a decided smoky smell prepared 
from wood- tar, more particularly from beech- wood tar, by fractional distillation, 
For its preparation the fraction of the distillate heavier than water is used. 
This is washed with a solution of NagCOj, redistilled to remove the lighter 
fractions the heavier portion again washed with KOH and the alkaline solution 
treated with H 2 SO 4 . These processes are repeated until the product dissolves 
in KOH to a clear solution. It is then redistilled and the portion coming over 
between 205® and 220 ® collected. 

On keeping, particularly in the light, creosote gradually becomes yellow or 
brownish. It is readily soluble in alc^ol and ether. 1 part dissolves in 120 parts 
of hot water, but it is soluble only with difficulty in cold water. 

The most important constituent of creosote is guaiacol, q. v. 

A distinction must be drawn between the product obtained from beech-wood 
tar and that prepared from coal-tar. The latter consists mainly of phenols 
and is particmarly rich in creosols. 

Creosote oil. The fraction passing over in the distillation of coal-tar between 
250® and 280®. It is an oily, yellowish -green, strongly fluorescent liquid with a 
most unpleasant smell. S. 6 . 1.05. It is chiefly used in the crude state as an 
illuminant, for fuel, for the preparation of lampblack, for preserving timber 
and for the preparation of creolin, q. v., lysol, q. v., and other disinfectants. 
A similar substance is also prepared from the brown-coal-tar. 

Creosote Oil: 

Brotherton & Co. Ld., City Chambers, Leeds. 

Creosote pitch. 

forbcB, Abbott a Lennard Ld., 86 Gracechurch St., London E.C. 

Cresols. Methyl phenols. C 8 H 4 (OH) . CHj. These are homologous with the 
phenols, but have a stronger disinfecting power than these, hence the superio- 
rity of crude over purified carbolic acid. By treating the cresol with caustic 
soda a preparation, soluble in water, (the sodium compound), is obtained 
which is of importance as a disinfectant. Solutol is obtained in this way, 
while for rendering lysol soluble, soap is employed and for Solvbol, the sodium 
salt of cresotinic acid. The crude cresol contains three isomers. From it pure 
cresol can be separated by freezing. Another patented process for the isolation 
of 0-, in-, and p-cresol from the mixture of coal tar cresols, is based on the 
^fferent solubuity of the m- and p-cresol sulphonic acids in concentrated 
H 2 SO 4 . The o-cresol is separated by fractional distillation. Sp^ial attention 
has been aroused by a new process which effects the separation of p- and 
Bi-cresol by the use of oxalic acid. According to this method Glerm. Pat. 137584 
ftnd 141421 the commercial cresol, which contains p- and m-cresol after the 
separation of the orthoderivates by freezing, is heated with anhydrous oxalic 
®«id or an aniiydrous acid oxalate. This produces p-cresol ester of oxalic 
®^id, which is removed from the solution by crystallization, while the m-cresol 

14 * 
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which is not esterified remains dissolved. The ester is a colourless solid sub- 
stance which is soluble in alcohol, ether and glacial acetic acid, but 
insoluble in benzene. It can bo purified by subhmation and decomposed 

‘’^Accorfing to Germ. Pat. 148703, m- and p-cresol are separated by 
obtaining tie former in tbe form of a sulphomc acid, by treatmg the crude 
cresol with sodium bisulphate containing pyrosulphate at a temperature of 
100 —110° and separating the sulphomc acids obtamed, or their JNa salts, 

from the unchanged p-cresol. , , , , . 

The Germ. Pat. 162652 for the separation of m-cresol from crude cresols 13 
based on the fact that the neutral Ca salt of m-cresol is much less soluble 
than the corresponding salt of p-cresol. Cresol is saturated with Ca(OH 2 
till the neutral salts are formed; is then allowed to crystallize and the crystals 
which are rich in calcium ra-cresolate are separated from the mother liquor 
which contains a large proportion of the calcium salt of ^ process 

is repeated. The crude cresol may also be treated with less Ca(OH )2 and the 
neutral Ca salt which separates pressed to free it from the mother liquor, 

or washed out with benzene or some other substance. 

o-Cresol forms colourless crystals, sparingly soluble in water, readily m 

alcohol and ether. M. P. 31°; ... , m P 10 . n P 201 0 

m-CBESOL is a liquid which solidifies with difficulty. M. P. 4 , B. P. 2Ui . 

p-CRESOL forms colourless prisms M. P. 36°. B. P. 198 . 

Crurine. This is quinoline bismuth thiocyanate (CpH,^ . HSCNjsB^SCNjj. 
It forms a fine crystalline powder of the colour of sealing wax, insoluble in 
absolute alcohol and ether, soluble in acetone and to a shght extent m pure 
glycerine. It is partially decomposed by water. 

^ It is prescribed for external use m case of syphihtic lesions in the form 
of a starch powder. It is also recommended in the form of a 0.6 % aqueous- 
glycerine injection for gonorrhoea. 

Crushing Machinery. 

W. Stamm. 26 College Hill. London E.C., Sole agent for Friedr. Krnpp A.-G. Grusonwerk. 
Magdeburg-Buckau, Germany. 

Cryolite. A mineral having tbe composition AIF,. 3 NaF. It is used 
for the preparation of metaUic aluminium q. y. and al^ m the manufacture 
of sodium carbonate, alum and aluminium hydroxide. It is also employed for 
rendering glass opaque. 

Cryolite: 

Huinann & Teialer, Dohna Bez. Dresden, Germany. 

Willy.Manger, Dresden, Germany. 

Crvptol. While all other electric neating contrivances are based upon the 
use of metallic resistances in the form of wire or foil, the cryntol appliances 
are made of “cryptol", a mixture of carbon, graphite and carborundum «c. 
according to the patent of Dr. Voblkbr. The exact composition of tli 
cryptol, which varies according to the use to which it is to be applied and 
the strength of the current, is preserved as a secret by the C^ptol Company 
The whole method and most of the apparatus used are fully protected y 
German and foreign patents. j 

It is usuaUy employed in the Mowing way. The granular substence 
placed loose on a plate of fire-clay or some other insdatmg 
&aced in connection with the current by means of carbon electrodes, 
Arrangement has considerable advantages over others m that the reHSten 
can b? readily altered when difficulties arise owng 

the temperature may he regulated by increasmg or deoreasiM the thioKn 
of the c^tel layer in any particular place, and the cryptol adapts 
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to vessels of any shape. A still greater advantage is this. Temperatures 
unattainable by the use of metallic resistances can be obtained by its use. 
Were it not for the limits imposed by the resistance of the fire-clay or insulating 
material used temperatures of 3000® could be easily obtained, and, as it is, 2000® 
to 2200 ® are the temperatures attained and this marks a considerable advance 
in heating. The temperatures in Voblker's method can be regulated by 
altering the thickness of the layer, by using cryptol of different degrees of 
coarseness, and by including in the circuit metalfic resistances of the ordinary 
type. 

The development of the cryptol method necessitated the perfection of 
laboratory apparatus and now a great variety of these is on the market, 
e. g. combustion furnaces, boiling apparatus for Kjeldahl's method and for 
gold assaying, drying ovens, muffles, waterbaths, heating plates, &c. 

Crystallisation. 

CrystalUizing Vessels of Earthenware: 

Fr. Chr. Fikentsoher, Zwickau Sa., Germany (see front part advt.). 

Cumene. Isopropylbenzene CjH 5 CH(CHj) 2 . Prepared by various methods 
e. g. by the action of zinc methyl on benzyhdene chloride. A liquid B. P. 162, 
S. G. 0.87976 (at 0®). 

Pseudo cumene (as-trimethyl benzene CeHgtCHjj 1 : 3: 4. 

Found in coal-tar and obtained from it by first forming the sulphonio acid. 
Liquid B. P. 169.8, S. G, 0.8643 (at 0®). 


. Obtained 

by the reduction of nitrocumene, which latter may Be prepared in the usual 
manner by the nitration of cumene. 

Liquid B. P. 225, S. G. 0.9526. 

Pseudocumidine Amido-as-trimethylbenzene 


(CH3)3CeH2NH2[CH3 . CH3 . CH3 . NHj == 1 : 3 : 4 : 6], 

Obtained by the reduction with Sn and HCl of nitropseudocumene. It 
forms crystalline needles M. P. 62. On a large scale it is prepared from 
m-xylidine by heating with methyl alcohol and HCl to about 290®. The bases 
separated from the hydrochlorides so obtained are separated by fractional 
distillation. 

The above-mentioned compounds are used in the manufacture of coal-tar 
colours. 


Cupricine. Copper cyanide. A whitish powder insoluble in pure water, 
readily soluble in NHj. It has been recommended medicinally particularly 
in cases of trachoma instead of the irritating soluble copper salts. 

Cupromanganese see Manganese alloys. 

€uprosilicoii see Silicon. 

Curare. The arrow poison of the South American Indians. Many of the 
constituents are unJmown, but there are present some of the strychnine 
alkaloids. There are different kinds of curare, but even different preparations 
of the same kind show very different actions. The essential active principle 
^curarine. It is a strong poison which acts upon the circulatory system. 
When administered paralysis ensues and death results from asphyxiation, 
it 18 very rarely used in medicine on account of the great variability of the 
preparations, but it is employed to some extent as a remedy in cases of tetanus 
wid epilepsy, and as an antidote in strychnine poisoning. 
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It usually occurs in the form of a clear or dark*brown extract only partially 
soluble in water and alcohol. 

Curaril. The name given to a strong and stable preparation of curare. 

Curcuma see Tubmebio. 

Cyanogen compounds. The metallic compounds of cyanogen are described 
under the respective metals. 

The methods for the manufacture of important alkali cyanides are being 
greatly improved. 

Hydbocyanio acid. HCN. This acid was formerly prepared by heating 
potassium ferrocyanide K 4 FeCeNj (see Ibon compounds) with dilute 
H 2 SO 4 , HCN distills over and is collected in the receiver as an 
aqueous solution. At present this method is extensively used, but there 
are also numerous new methods which have appeared, of which the most im- 
portant will be here described. For others compare the article on Potassium 
CYANIDE under Potassium compounds, and also that on Sodium cyanide 
under Sodium compounds. 

A number of new methods have been evolved with the object of separating 
cyanogen from coal-gas by a wet process, in which ferrous salts are used to 
absorb the cyanogen. These are then further treated to recover the cyanogen. 
According to Germ. Pat. 141624 pure HCN is prepared from coal-gas, blast- 
furnace gases and coke oven gases by treating them with a mixture of car- 
bonates, hydroxides and oxides of Mg, Al, Sn, Pb and Mn on the one hand 
and oxides, hydroxides or carbonates of the alkalies or alkaline earths on the 
other. The cyanides in solution or suspension are heated, when HCN is set 
free without the addition of acids. 

Germ. Pat. 144210 treats of the absorption of the cyanogen from the gases 
in much the same way, with the addition, however to the absorption mixture 
of ferrous oxide free from ferric oxide. Germ. Pat. 161820 deals with the 
same process, with certain modifications. According to Germ. Pat. 151820 
cyanogen compounds may be obtained from gases containing NHg by[treatmcnt 
with iron compounds. An improvement is described in Germ. Pat. 162419. 

The English Pat, 24456 (1902) starts from ferrocyanide which is distilled 
with dilute H 2 SO 4 or HCl, the temperature in the reflux condenser being 
kept at 40®. This process differs, only slightly from the method, at that 
time in general use, of obtaining this suostance from potassium ferrocyanide. 
In this well known reaction, the socalled Everitt salts are left as a residue, 
which consist of potassium ferric ferrocyanide. Germ. Pat. 160561 and 
153358 tread of a method for dissolving the Everitt salts (regeneration of 
potassium ferrocyanide), after oxidation, by boiling with alkaline lyes, a process, 
which it is possible to carry out readily on a commercial scale. According to 
these patents the ferric ferrocyanide salts are boiled with caustic alkalies or 
solutions of alkaline carbonates, air being simultaneously led into the mixture. 
In the attempt to make practical use of the Everitt salts by oxidizing them 
to Prussian blue (ferric ferrocyanide) and this again by boiling with alkali into 
potassium ferrocyanide, so much time is required when the ordinary oxidizing 
agents (nitric acid, chromic acid, ferric chloride or ferric sulphate) are used 
that it is practically impossible to carry out the process. According to Germ. 
Pat. 166397 the oxidation goes very rapidly, if effected by air. This can be 
done if while the precipitate is being boiled with an oxidizing agent, air is 
pumped into the mixture. (Compare this with the two precemng patents.) 

According to Amer. Pat 746876 calcium ferrocyanide should be used to 
prevent the formation of Everitt salt. The crystallised Ca salts are in this 
case dissolved in HjO and heated with HJSO 4 . 
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According to EngUsh Pat. 24920 (1901) it is recommended to start frorn 
insoluble cyanogen compounds, more esp^ially the iron cyamdes. The neural 
or acid cyanide compounds are boiled with a mercuric compound, e. g. HgCla, 
and the mercuric cyanide obtained is decomposed by distillation mth an 
ftcid when the HCN escapes. If the cyanide used is alkaline it must be first 
neutralized before treating with the mercury compounds. Insoluble ferro- 
cvanide compounds are rendered soluble and at the same time neutralize^, 
by treating with caustic alkaUes. A method not differing greatly from the 
iMt mentioned process is that protected by the Germ. Pat. 141024. The 
additional Germ. Pat. 147679 advises starting, not from alkaline ferrocyanides, 
but from ferrocyanides of the alkaline earths, and the use of an acid for 
distillation which forms an insoluble salt with the metal. In this way the 
undesired formation of alkali in the HgOj solution is avoided A further 
(additional) patent, Germ.Pat. 162362, isWd upon the fact that the recovery 
of theHgCl, solution for use in further processes can be simplified by separating 
the iron compounds before distilling off the HCN. To this the de- 

composition is carried out in presence of alkalies, so that all the Fe of the iron- 
evanide compounds is precipitated as FealOH)^. The mercury cyanide 
Bdution is separated from the precipitate before decomposing with acids. 
The Germ. Pat. 157490 renders it possible to make use of mercuric oxide 
and mercuric sulphate in the process described in the above paragraplL 
This was formerly impossible, since a large amount of the Hg compound 
remained in the alkaline iron-containing slime and could only be recovered 
from this with great difficulty. According to the patent mentioned, the 
slime is treated with a solution of MgClj. The is ^ 

FcalOH)- remains unaltered. The method of the Germ. Pat. 132294 starts 

from metaUic cyanides, that is from cyanides ferrocyamdes or sulpjiocyanides 

of the heavy metals, which are heated in dry hydrogen to 500°. HtiS is 
formed in accordance with the equation. 

Zn(CN), + 2 H = Zn + 2 HCN. 

If a sulphocyanide be used a finely divided metal must be added to com- 

Amer. Pat. 719223 the carbonate of an alkaUne eartb metal 
is heated in presence of carbon and the substance subjected to the action of W . 
The cyanide so formed is treated with acetic acid. HCN escapes, and the 
acetate of the alkaline earth is left. The acetate is converted into acetone. 
See Acetone. The Germ. Pat. 161644 treats of the preparation of cyanogen 
compounds from atmospheric nitrogen, carbon, alkalies, and alkalme earths. 
Concerning the most important process for obtaining cyanogen compemnds 
from atmospheric nitrogen (Frank*s process) see Calcium compounds No. 7 
and under Potassium compounds No. 9. . . 

According to Germ. Pat. 132999 HCN is obtamed by passing a mixture of 
1 mol, nitrous oxide and 2 mol. ammonia over red hot carbon. 

2 NHg + NgO + 4 C = 4 HCN + HgO. 

According to Germ.Pat. 161130 a mixture of NHg and gaseous hydrocarbons, 
e,g. water gas, is passed in a perfectly dry condition over 
medium, such as strongly heated platinized pumice stone. The yield of HOJN 
is only satisfactory when the gas mixture contains free hydrogen. 

Finally mention must be made of Bueb's process for ob taming H rom 
the refuse of molasses. The sugary residue is heated in absence of air untd 
gases are evolved. The gases are heated to the temperature 
necessary for the formation of cyanogen, after which they are cooiea 
and freed from NHo. After this the cyanogen is usuaUy pass^ mto sodium 
or potassium hydroxide solution for tne direct preparation of the evades. 
Pure hydrocyanic acid is obtained from crude HCN oy distillation and dryin,g 
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over CaCL. It is a colourless mobile liquid, S. G. 0.6967, which solidifies in 
the cold, and then melts at — IS.S®, B. P. 26.60. It has a penetrating acrid, 
smell which in very weak solution only is suggestive of bitter almonds. It is 
extremely poisonous. In H2O and alcohol it is soluble in any proportion. 

Test. For estimating HCN in aqueous solution Liebig's volumetric method 
is the best. 10 to 16 cc (according to the strength) are taken and diluted until 
the solution contains not more than 0.1 g HCN. 5 cc normal NaOH and 6 g 
NaHCOg are added and the solution diluted to 60—60 cc. AgNOg solution 
(1/^0 N.) is added so long as the precipitate formed redissolves on shaking. 
When the solution becomes opalescent the titration is ended. 

Icc AgNOg solution corresponds to 0.0064 g HCN. 

Cyclocitral see Citral. 

Cylline. A disinfectant first introduced in England. It is a dark-brown 
liquid with a strong smell of crude carbolic acid. It is really a coal-tar oil 
made soluble by the help of fatty acids and resin acids. It is recommended as 
being non-poisonous and non-irritating but in spite of the claims made by the 
manufacturers this cannot be, because of its content of phenols (36 %) and of 
pyridine bases. 

Cystopurino. A double salt of 1 mol. of hexamethylenetetramine and 2 mol. 
of sodium acetate. 

It is prepared according to the method described in the Amer. Pat. 8629Jd 
and is probablv a mixture. Cystopurine is employed as a urinary antiseptic 
and as a propnylactic for gonorrhoea. 


D. 

Dammar. A resin obtained from various trees, more particularly from 
Engelhardtia spicata bl., Schorea Wiesneri, &c. 

It forms colourless or pale yellow clear lumps (frequently clouded by bubbles) 
which are harder than colophony, though softer than mastic, copal and sandarac. 
Another species, the New Zealand Dammar belongs to the copals (Kaurie 
copal). Dammar has a specific gravity of 1.04 — 1.12; M. P. 120® C. ; acid 
number 20—36; acetyl-acid number 60.62—61.80; acetyl-ester number 
S1.6Q — 83.06; acetyl saponification number 132.08 — 134.86; water 0.1 — 1 %l 
ash 0.01—1 %. It is completely soluble in fatty and essential oils, benzene, 
chloroform, and carbon- bisulphide, partly in alcohol, toluene, acetone, aniline, 
petroleum ether, and acetic acid. 

Solutions of the various Dammar resins in turpentine form hard colourless 
rapidly drying varnishes (Dammar varnishes) specially adapted for varnishing 
oil paintings. Dammar is also used in medicine for making sticking plaster. 

Dasymeter. For the automatic determination of the S. G. of gases, especially 
of coal-gas. The gas continuously streaming through the globe of the apparatus 
indicates all variations of the S. G. with an accuracy of 0.006. 

Degras (Tanning grease, leather grease). The fat obtained in tanning 
chamois leather (see “Chamois dressing") which consists of oxidized oil 
The Degras is taken from the leather with a knife and the leather washed 
with a solution of soda or potash. The mixture so prepared is decomposed 
with H2SO4. A purer form of Degras is obtained by a French method and 
sold as MoeUon, The process is to tan the leather for a shorter time than 



Dbgbasinb. 


217 


is usual in white dressing and to press the oxidized oil from the leather under 
water at a high pressure. As the demand for degras is greater than the supply 
there are tanneries in which inferior skins are subjected to repeated chamois 
dressing with the sole object of obtaining Degras. So-called artificial degras 
is a mixture of Chamois -Moellon and artificially oxidized oil; frequently 
also Moellon is not used and the product is obtained from oxidized oh, oleic 
acid, talc, lanoline, &c. 

The Germ. Pat. 149822 is concerned with the oxidizing action of ferments 
on oils with the object of producing Degras and similar products: A culture 
of denitrifying bacteria (e. g. cheese bacteria) is mixed with oil, a solution 
of salpetre and nutrient media, the whole well aerated and finally the oil 
washed out. The oil is then strongly acid and of much greater consistency 
and can be used as Degras. 

Degrasine a concentrated glandular extract sold in the form of tabloids. 

Delalot’s alloy see Manganese alloys. 

Delta metal see Copper alloys. 

Denaturation. Spirits are the principal articles which are subjected to 
denaturation. Spirits which are to be used for industrial purposes, are denatured. 
The denaturation is carried out in order to make the substance unsuitable 
for human consumption, but the process must be carried out so that it does 
not in any way interfere with the uses for which the substance is intended. 

In Germany, salt is mixed with iron oxide or red chalk and wormwood 
powder when it is to be used as a food stuff or manure. In other cases Glauber's 
salt, kieserite, charcoal, ashes, soap powder, oils, petroleum, alum, ferrous 
sulphate, carbolic acid, &c. are added. 

Spirits are denatured with wood spirit (methyl alcohol), pyridine bases, 
rosemary oil, lavender oil, turpentine oil, animal oil, acetone, benzine, benzene, 
solvent naphtha, &c. The wood spirit used must be colourless or only slightly 
yellow and almost completely volatile below 75®; it must be miscible with 
water without noticeable milkiness in all proportions and not contain more 
than 30 % acetone. 

In Germany since (the year 1887) the completely denatured spirit is treated 
with a mixture which consists of four parts of wood spirit of a certain degree 
of impurity and 1 part of pyridine bases. 2|4 litres of this mixture are added 
to 100 litres of pure alcohol. Since the 1st Oct. 1902 another process for 
completely denaturing spirits has also been allowed. In this 1 1/2 Ih-re of the 
above described denaturing agent, 2 litres benzene and 0.25 litres of a crystal 
violet solution (hexa methyl-p-rosaniline hydrochloride) are added to every 
100 litres of pure alcohol. The amount of the dye added is only one millionth 
part of the denatured spirits. 

Germ. Pat. 144483 aims at the preparation of a denaturing agent for spirits 
from crude coal-tar by mixing equal parts of 95 % spirits and decanted 
coal-tar with the aid of a stirring apparatus and drawing off the spirits after 
settling. 1 part of this product is sufficient for the denaturation of 100 parts 
of spirits, 1 — 10 parts of commercial benzene being also added. 

The Russian Privil. 6709 and 6710 which make use of tartar emetic and 
mustard oil on of carbon disulphide and aldehyde, have no prospect of be- 
coming technically important. 

^ For the direct preparation of denatured spirits by the fermentation of 
‘Mash" according to the Germ. Pat. 139387, see Alcohol. 

Test. In order to detect the presence of methyl alcohol in essences, brandy, 
tmetures, and liquid extracts, R. Peters writes as follows (Pharm. Centralh. 
1905, 621 ; Chem.-Ztg. 1906 Report. 218). The wood spirit for denaturing 
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alcohol for industrial purposes must contain 25 % acetone the presence of 
which can be shown in the following way : — 10 com of the alcoholic essence &c. 
are treated with water and 20 cc of this mixture distilled off with a small 
flame. 10 cc of the well-shaken distillate are treated with 1 cc of a freshly 
prepared 1 % solution of sodium nitroprusside (which has been kept in the 
dark) and 2 cc — with strongly acid solutions even more — of a 4 % sodium 
hydroxide solution. If acetone is present a strong red colouration is formed 
the depth of the colour depending on the amount of acetone present. If 
acetone is not present the mixture merely turns yellow. Colourless preparations 
such as essence of camphor &c. may be tested directly without previous 
distillation. 

Denitration. The decomposition of nitro-sulphuric acid into its constituents, 
H2SO4 and HNO3, and the separation of these from each other is carried out 
in iron towers lined with acid-resisting stone and filled with spherical or 
conical masses which increase the active surface. The H2SO4 remains in the 
liquid state and runs away from the bottom of the tower, whilst the HNO3 
escapes at the top in the form of vapour and is condensed in earthenware 
apparatus. A special condensation tower is also provided in which the last 
traces of gas are retained. 

In order to lessen the inflammability of nitrocellulose (used in the pre- 
paration of artificial silk, celluloid &c.), the threads or films are treated with 
metallic salts which themselves can be oxidized to a higher state. Thus cuprous 
chloride has a strong denitrating action, and such is the case with the salts 
of iron, manganese, tin, &c. It is advisable to add also substances which 
cause the nitrocellulose to swell, e. g. alcohol, ether, acetone, glycerine, &c. 

For further details see Silk, artificial. 

Denitrating Plants: 

Weatdeutache Steinzeug-Chamotte- und Dinoswerke G. ni. b. H., Euskirohen, Rheinland 
(Germany) (see front part advt. p.). 

Density see Specific Gravity. 

Derizine. A name applied to Florizine obtained from Castor oil (q. v.). 

Dermatol. A basic bismuth salt of gallic acid, C6H2(0H)3C02Bi(0H)2, 
prepared from gallic acid and bismuth nitrate. 

It is a fine yellow powder insoluble in water, alcohol and ether. It is used 
medicinally for the treatment of wounds and skin diseases on account of its 
antiseptic, drying and non -irritating properties. It is also used as a remedy 
for perspiring feet in the form of a 20 % powder, and is also prescribed for 
internal use as a preventive of diarrhoea. 

Dermol. The bismuth salt of chrysophanic acid. Formerly prescribed for 
external use in skin diseases. It now seems to be but little used. 

Determining vessels: 

Weatdeutache Steinzeug-Chamotte- und Dinaswerke O. m. b. H., Euskirohen, Rheinland 

(Germany) (see front part advt. p.). 

Dewar vessels. These are double-walled glass vessels. The space between 
the inner and outer walls is rendered vacuous so far as is possible, in order to 
lessen heat-radiation, which object is also furthered by silvering the internal 
surfaces. They are used for storing liquid air. In them the latter may be 
kept for a long time without suffering appreciable loss through evaporation. 

Dextrine (Starch gum, British gum). Usually prepared by gently roasting 
starch (at 160 — 200®). If a small amount of acid be present a temperature 
of 120 — 140® is sufficient and a clearer product is obtained. 
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In the dry process drums with stirrers or roasting pans are used, the tem- 
perature being kept constant by means of oil, steam, or air baths. The dextrine 
thus obtained is usually termed “roast gum”. 

In the second process 0.1 — 0.15 % of the weight of starch of HCl or HNO 3 
is added, the mixture dried at 50°, and then heated to temperatures between 
110 ° and 140° according to the desired degree of clearness. The roasting is 
usually carried out in ovens fitted with shelves and heated by hot air. The 
product thus obtained is sold as dextrine gum. 

The Amer. Pat. 755390 aims at the manufacture of dextrine from peat. 
The raw material is mixed with twice the amount of HgO and then heated in 
an autoclave for 2 hours to 160 — 200°, so that the cellulose of the peat is 
converted into achroodextrine. 

Dextrine is not a simple product; the different qualities have not only 
different colours but also different adhesive properties. The value of dextrine 
is due to its adhesive properties, and for this reason, it is used as a substitute 
for gum arabic, for pasting, for glazing paper, for thickening dyes and inks, 
for calico-printing, and for the manufacture of matches, &c. 

The Germ. Pat. 166567 protects the preparation of a solid powdery com- 
pound of dextrine and formaldehyde which is soluble in H 2 O and is said to 
be used medicinally. 

Dextrines: 

R. Preston & Co., Bury, Lancs. 

Dextrose see Glucose. 

Diamonds, artificial. The problem of obtaining ciystallized carbon as in 
the transparent form of diamonds was, in principle, first solved by Moissan. 
At the high temperatures produced in the electric furnace he saturated molten 
iron with carbon and then suddenly cooled the mass. The enormous pressure 
thus generated caused the carbon to crystallize. Hoyermann's process is 
simpler, Chem.-Zeitung 1902, page 481. Instead of an electric current he 
makes use of Goldschmidt’s method employing a mixture of FegOg and 
powdered Al, which when started with an ignition pill raises the Fe to the 
temperature necessary to dissolve the C. In the rapidly cooled r^ulus are 
found small diamonds which are visible to the naked eye. Compare Thermite 
for Goldschmidt’s process, v, Hasslinger’s process (Naturf. Vers, in Karls- 
bad 1902; Monatshefte fiir Chemie, vol. 23, page 817) is deserving of special 
interest as approaching the natural process. Hasslinger started with kimber- 
lite as a basis. This stone is found in South Africa. In it the diamond is found 
and was probably formed from it. A mixture corresponding to the com- 
position of kimberlite was made, to which was added 2 % of finely ground 
graphite and the whole fused. The mass was cooled and treated with ammonium 
fluoride and H 2 SO 4 . Perfectly clear and transparent diamonds forming 
beautifully proportioned octahedra of an average size of 0,06 mm were found 
inside in great quantities. 

Further experiments for making artificial diamonds have been made by 
Ludwig (Chem.-Zeitung 1902, p.617 and Report, page 160), but they are 
not yet complete or at any rate have not been published. According to LuD\no, 
high temperature, high pressure and especially rapid cooling of the reaction 
mixture are necessary for the formation of diamonds. 

In order to prepare diamonds by Moissan’s method, W. Crookes in a lecture 
gave the following details. Perfectly pure iron, free from S, Si, P, &c., is 
mixed with pure sugar charcoal in a graphite crucible, which is then heated 
to 4000° for some minutes in an electric furnace. The Fe becomes thin and 
partly volatilizes, the crucible is then suddenly cooled to red heat by placing 
it in cold H| 0 , which causes the iron to form a crust which exerts an enormous 
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pressure on the still-molten interior. Under the influence of this pressure 
small particles of the carbon then crystallize in the form of diamonds. All 
these processes and others which have been given are at present only of 
scientific interest and of no value for industrial purposes, the cost being too 
great in proportion to the yield and size of the diamonds 

Dianil colours. Under this name the “Hoechster Farbwerke” supply a series 
of substantive cotton dyestuffs which may be used directly, developed or treated 
with metallic salts after dyeing. They yield a wide range of colours. Dianil 
yellow G, 3 G and R for example, are substantive mono-azo dyes prepared 
apparently from primuline or dehydrothiotoluidine and a yd-diketone. 

Diaphragms. Porous separating walls whicn are very often used in electro- 
chemistry for separating the anode and cathode chambers. These diaphragms 
are usually made of clay, porcelain, cement, asbestos prepared with sand or 
kieselguhr, soap plates or other materials. The porosity is often brought 
about by mixing finely divided organic substances (e. g. coal dust) with the 
material which is then burnt; in this way gases are evolved which cause the 
formation of pores. 

Among the numerous new processes for the manufacture of diaphragms 
may be mentioned that of the firm Bernfeld & Co. (Leipzig) who have 
succeeded in preparing a diaphragm of asbestos the pores of which do not 
become blocked. It is said not to be dissolved by hot neutral and alkaline 
liquids. This result is said to be attained by carefully igniting the asbestos 
pulp at a temperature far below that at which asbestos melts. 

According to the Germ. Pat. 143591 porous diaphragms may be obtained 
from dry pressed cement-like substances which after moulding are very 
carefully treated with HjO. 

The Germ. Pat. 143938 treats of the preparation of very porous but also 
very resistant diaphragms of wood: white, light wood is first treated with an 
ammoniacal solution of copper in order to dissolve out the cellulose, after- 
wards successively with caustic alkalies, with HCl, hot H 2 O, cold HgO, and 
finally with hot alcohol. 

Diaphtherine. A compound of 1 mol. o-phenolsulphonic acid and 2 mol. 
o-oxyquinoline. A crystalline powder with a salty taste and a slight odour 
recalling that of phenol and saffron. M. P. 85®. It is used externally in 
0.5 % solution as an antiseptic. 

Diastase. The diastases are ferments (q. v.) which convert starch into sugar. 
Diastase is prepared from malt (q. v.). It is no longer used solely in the brewing 
and alcohol industries but also in bakeries &c. In baking it is employed for 
the purpose of increasing the “lightness” of the preparations and for preventing 
them from drying too quickly. 

For this purpose diastatic preparations in the form of soluble syrups are 
sold. Concerning them see Germ. Pat. 113602, 148844 and 151255. According 
to these, the diastase is extracted from malt in the cold, evaporated in vacuo 
at a low temperature and the residue converted into maltose. The^extraot is 
prevented from decomposition (according to the first-named patent) by treat- 
ment with CO^ 

Germ. Pat. 173232 protects a method for the preparation of pure diastase. 
The malt is extracted with cold water, and the extract filtered through in- 
fusorial earth. The filtrate is then fermented with yeast cultures in sterile 
vessels, filtered when the fermentation is complete and the filtrate after 
removing all soluble substances by dialysis, concentrated in vacuo and finally 
dried. The product is a greyish or white powder of great diastatic power. 
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Diastatic preparations also find considerable employment in the textile 
industries for finishing (dressing), that is to say, for the removal of starchy 
deposits by conversion into sugar. 

A syrupy preparation of this kind is sold commercially under the name of 
Diastofor. This is used for removing starchy matters &c. from textiles. 
One method, protected by patents, is to print the fabric first with diastofor 
and then with alkaline indigo preparations. The colour is developed in the 
usual way. 

Diastofor see Diastase. 

Diatomite# The registered name (Germany) for a preparation of infusorial 
earth obtained by heating. It is very porous and has a S. G. of 0.3. 

Bricks of this material can be made of any desired shape. They can be 
heated to a red heat without undergoing alteration and are not attacked by 
water, steam, dilute acids or alkalies. They are good non-conductors of heat 
and should find a useful place in chemical industry. 

.N 

Diazoamido dyes. If dehydrothiotoluidine H 3 C . /C . C*H 4 . be 

S 

combined with disazo substances, dyes are obtained which can hardly be 
classed as azo-derivatives but are more probably diazoamido compounds, 
seeing that they cannot be further diazotized. The dyes belonging to this class 
are, however, often classed with the thio-benzenyl dyes to form the group of 
thethiazol dyes. 

For example the yellow Nitrophenine, which dyes cotton directly, is formed 
by the action of p-nitraniline on dehydrothiotoluidine-sulphonic acid. 

Diazo compounds. A class of organic compounds with the group — N = N — 
in which one of the free valencies is attached to an aromatic hydrocarbon 
group while the other is united to an acid radicle. The diazo compounds are 
formed by the action of nitrous acid on the salt of an aromatic amido deri- 
vative, e. g. 

CflHg . NH 2 . H 2 SO 4 -f HNO 2 = C 4 H 5 . N:N . HSO 4 + 2 HjjO. 

Aniline sulphate diazobenzen© sulphate 

The diazo compounds (especially the free bases) are very unstable but 
are very reactive. Most of them are explosive. According to the French Pat. 
323981 the stability of the solutions of many diazo bodies is considerably 
raised by the addition of salts (especially cryst. Glauber's salt) but 
experiments (Ztschr. f. Farben- und Textil-Chemio 1903, 225) do not exactly 
recommend the employment of this patent. 

Dichlorhydrine see Chlorhydrinb. 

Didymium. This substance was for a long time looked upon as an element, 
but is now divided into the two components Neodymium Nd and Praseodymium 
Pr. It is not yet decided whether the two last-named substances are really 
elements or not. In practice didymium is still regarded as an element and its 
compounds are described as if they were really those of an element. The 
didymium compounds are used for the manufacture of incandescent gas 
mantles. The isolated neodymium nitrate hets been recently recommended 
for the purpose of rendering glass colourless. 

Diffusion. If two substances are in contact — more particularly gases or 
liquids — or if they are separated from one another by a porous membrane, 
they diffuse, that is as a result of the molecular forces the smallest particles 
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of the one pass over into the other. The diffusion through membranes is 
termed Osmosis. 

With gases the rate of (Musion is, approximately, inversely proportional to 
the square roots of the densities. 

So far as diffusion is concerned two classes of dissolved substances are 
recognized, crystalloids and colloids. Crystalloids are those substances, salts, 
many acids, alcohols, &c. which diffuse readily through membranes; in general 
they are compounds which are able to form crystals. The colloids do not 
^fuse or only very spar ngly. To this class belong the albuminoids, gums, 
rubber, starches, silicio acid, ferric hydroxide, aluminium hydroxide, &c. 

Diffusion is largely employed on a manufacturing scale see “Colour 
extracts”, “Tannin extracts”, “Molasses“ (osmosis process), “Tannin” 
and “Sugar manufacture”. 

1. Coefficients of diffusion of some of the gases ^). 


Qas 

Diffuses in 

Coefficient 
of Diff. in 
sq. cm /sec 

Gas 

Diffuses in 

Coefficient 

of Diff. in 
sq. cm /sec 

Air 

carbonic acid 
oxygen 
air 

0.13661 

0.17753 

Ethane 

Hydrogen 

hydrogen 
carbonic acid 

0.468 

0.63836 

Carbon dioxide . 

0.14231 


oxygen 

0.7086 

“ “ 

oxygen 

0.18022 

Methane 

hydrogen 

0.626 

.. 

hydrogen 

0.54367 

Oxygen 

carb.monoxd. 

0.187 

Carb. monoxide 

oxygen 

0.18022 

U 

air 

0.178 


hydrogen 

0.64223 



hydrogen 

0.72167 


2. Coefficients of diffusion of various inorganic compounds in dilute 
aqueous solution. 


(The coefficient of diffusion D gives the amount of substance in grras which, at the 
temperature t, would pass in one day through a section of 1 square centimetre when two 
sections 1 cm apart show the difference of concentration 1 (grm in 1 ccm).) 


Name of substance 

t 

D 

Name of substance 

t 

D 


4.6® 

1.06 

Potassium chloride 

9.0“ 

0.86 

Ammonium chloride 

17.6° 

1.31 

Potassium hydroxide 

13.6“ 

1.66 


8.0“ 

0.65 

Potassium nitrate 

7.0“ 

0.92 

Oalciiim ^hl'^r'dA 

8.6“ 

0.70 

Silver nitrate 

7.6® 

0.90 


10.0“ 

0.43 

Sodium chloride 

6.0® 

0.75 

Copper sulphate 

10.0“ 

0.21 

Sodium hydroxide 

8.0® 

1.06 

Hydrn*’hlnrin ... 

0.0® 

1.4 

Sodium carbonate 

4.6® 

0.44 

Iicad nitrate 

12.0“ 

0.70 

Sodium nitrate 

13.0® 

0.90 

Magnesium sulphate 

7.0“ 

0.30 

Sodium thiosulphate 

10.6“ 

0.64 

Nitric acid 

9.0“ 

1.76 

Sulphuric acid 

7.6® 

1.04 

Potassium chloride 

11.0“ 

1.84 





Diffusing apparatus in copper and iron: 

Volkmar Haenig & Comp., Heidenau«Dresdea, Germany (see front part advt.). 


Diffusing apparatus: 

Friedrich Heokmann, Berlin SO. 16, Briiokonstr. 6b (see advta.). 

Digalene (Digitoxinum solubilb). Obtained by a special process from the 
leaves of Digitalis. It forms a white amorphous substance which is brought 

*) This as well as the next table are taken from BUCHKA*S Fhysikalisch'chemische 
Tabellen der anorganischen Chemie. Stuttgart 1896. 
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into commerce in an aqueous solution with 26 % glycerine. In its action 
composition and chemical properties the product resembles the crystallized 
digitoxin, but it has the advantage over tne latter substance in being more 
easily soluble. It is said to be non-irritating when administered subcutaneously 
or by the mouth and in this respect is unlike the crystallized digitoxin. 

1 ccm digalene contains 0.0003 grm. digitoxin, or 1 ccm corresponds to 
0.15 grm Digitalis leaves. It is brought into commerce in small bottles of 
15 ccm and is said to keep well in this form. 

Digitaline. Under this name are grouped together the active constituents 
of the red foxglove {Digitalis purpurea). It is certain that the substance is 
not a single alkaloid. As a matter of fact these substances contain no nitrogen 
and so cannot be termed alkaloids at all. 

The Digitalin, pur. pulv. German. (German amo^hous digitaline) is 
extracted by alcohol from the seeds or leaves of Digitalis. After the alcohol 
has been distilled off the extract is diluted with H2O, purified with lead acetate, 
and the digitaline precipitated from the filtrate by tannic acid. The tannate is 
then decomposed with lead oxide and the digitaline extracted with alcohol. 
After purifying, drying, and powdering, it forms a yellowish-white amorphous 
powder. It is used in doses of from 0.001 — 0.002 grm 2 — 3 times daily; 
max. single dose 0.004 grm, max. daily dose 0.02 grm. 

Digitoxin C34H54O11 is a crystalline powder; it is prepared by extracting 
the leaves of Digitalis at first with cold HgO to remove the impurities, and 
then treating with 60 % alcohol which dissolves out the digitoxin. It is 
insoluble in HgO, sparingly soluble in cold, readily in hot alcohol, and in CHCI3. 
As it is not a mixture of different substances like the above mentioned digitaline, 
but appears to be a real compound it is coming more into use medicinally, 
usually for heart disease. Single dose 0.00025 grm, daily dose (maximum), 
0.002 grm. It can be swallowed, or injected subcutaneously. Recently it has 
been brought into commerce in the more convenient tablet form. 

The French digitaline, the Kilian digitaline, digitalein, and digitonin cannot 
here be treated of, as they are of very little importance. 

Digitoxine see Digitaline. 

Dimethylaniline see Aniline derivatives. 

Dimethylbenzene see Xylene. 

Dimethylsulphate see Methyl compounds. 

Dimethylxanthine see Theozinb and Theophylline. 

Dimopyrane. Tr^de name for a preparation intended to replace Pyramidone 

(q- V.). 

Dinas bricks. A special class of fire-proof stones, made from sand, milk 
of lime and a cementing material. The mixture is moulded and pressed in 
iron moulds made in halves. During burning the lime sinters and so forms a 
kind of cement. Of the many suggested improvements the one described in 
Germ. Pat. 69318 may be mentioned. According to this method g^sum 
mixed with Al2(S04)g or MgS04 is used instead of the lime. Accoramg to 
Germ. Pat. 160628 the lime is replaced by Portland or some other cement 
which acts as a binding substance and after burning converts the quartz grains 
into polysilicates. 
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Dinitbobbnzbne . 


Dinitrobenzene C<5H4(N02)2. The meta derivative is the most important of 
the three isomers. It is prepared like nitrobenzene (q. v.) but heat is supplied 
to facilitate the reaction. The other isomers are formed in small amounts 
and can be separated by fractional crystallization and distillation. 

It forms colourless, thin, rhombic needles, M. P. 89.9, insoluble in water, 
readily soluble in alcohol and ether. In the impure state it has a yellowish 
tinge. On reduction it yields first m-nitraniline and finally m-phenyleno 
diamine. It is mainly used in the preparation of the latter compound. 

Dinitroglycerine see Nitroglycerine. 

Dinitrotoluene. . CH3 . (NOglg. The asymmetric (meta) dinitrotoluene 
is of commercial importance (CHaiNOgtNOg = 1 : 2: 4). So also is the 
p-dinitrotoluene. 

The former is obtained by the direct nitration (without cooling) of toluene 
with a mixture of H2SO4 and HNO3. 

Dinitrotoluene: 

Sprengatoff A.-G, Carbonit, Hamburg. 

Dionine = Ethylmorphinehydrochlorkle. Ethyl morphine" is prepared by 
the action of ethyl iodide on an alkaline solution of morphine, and the salt 
by neutralizing with HCl. 

A white crystalline powder soluble in water, readily in alcohol, almost in- 
soluble in ether and CHCI3. It is used medicinally as a substitute for morphine 
and is administered internally and subcutaneously. It is recommended for the 
irritating cough accompanying certain lung and laryngeal complaints. 

Dioxybenzene see Pyrocatechin, Resorcins and Hydroquinonb. 

Diphenal see “Photographic chemicals’". 

Diphenylamine (C3H5)2NH. Obtained by heating aniline with aniline salts 
(aniline hydrochloride) to 210— 2400C. in autoclaves. The product of the 
reaction is treated with HCl and then with excess of HgO, so that the di- 
phenylamine hydrochloride first formed is again decomposed and the free 
base swims on the surface where it rapidly solidifies. It is purified by washing 
and fractional distillation. Monoclinic colourless leaves, M. P. 54®; B. P. 310® C. 
almost insoluble in water, readily soluble in alcohol, ether and benzene. It has 
an^ agreeable smell, and a sharp, burning taste. It is a very weak base and its 
salts decompose when heated with water. It is used in the preparation of 
various tar colours. 

Test. The commercial product should be nearly colourless, not greasy, 
have no disagreeable smeU, melt at the proper temperature and should not 
rapidly turn brown in the air. It is tested for aniline by shaking the powdered 
substance with a solution of bleaching powder, when it should not turn violet. 

Diphenylmethane -dyestuffs. The parent substance of this class of dyes 
is Diphenylmethane (CgH5)2 . CHg. For further particulars see the articles 
“Auraminb” and “Pyroninb-dyes”. 
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benzophenone or on tetramethyldiamidobenzhydrol in the presence of dehy- 
drating agents. 

Disazo-dyestuffs. (Tetrazodyestuffs.) A class of dyestuffs of which the 
members contain two azogroups ( — N=N — ) (see Azodyestuffs). These 
may be obtained in various ways; e. g. by the combination of an azodyestuff 
with another molecule of a diazo compound ; or by diazotising an amido-azo- 
dyestuff and “coupling’' with another molecule of a phenol or an amine; 
or, finally, by diazotising a diamine and coupling the two molecules of tetrazo 
compound with 2 mols. of a phenol or an amine. In the latter case, the two 
molecules may belong to different phenols or amines. The disazo-dyestuffs 
obtained from diamines are particularly remarkable for their property (pos- 
sessed by nearly all the members of the group) of dyeing cotton directly 
(substantively), i. e. without the use of mordants. 

Disintegrators. 

Disintegrators: 

W. Statnin, 25 College Hill, London E.C., Sole agent for Friedr. Krupp A.-G. Grusonwork, 
Mttgdeburg-Buckau, Germany. 

Max Friedrich & Co., Leipzig- Plagwitz 17. 

Distillation see “Fiiactionattng“, “Rectification 

Distilling apparatus: 

Friedrich Heckrnann, Berlin SO. 16, Briiokenstr. 6b (see advts.). 

Wegolin & Huebner A.-G., Hallo a. d. S., Germany. 

Distilling apparatus of metal: 

Volkmar Haenig & Comp., Heidenau-Urei^den, Germany (see front part advt.). 

Distilling Plant: 

Ernest Scott & Co., 2 Talbot Court, London E.C. 

Disulphuric acid see Fuming sulphuric acid. 

Dithion = sodium dithio-salicylate. It acts as an antiseptic and antipyretic. 
Probably now only used in veterinary surgery. 

Diiiretine = •Theobromine -sodium -salicylate. An alkaline solution of theo- 
bromine is mixed in molecular proportions with a solution of sodium salicylate, 
the mixture filtered and evaporated to dryness. 

White, amorphous, odourless powder, readily soluble in HgO. It is prescribed 
m gout, dropsy and diseases of the heart and kidneys. It acts as a powerful 
diuretic. 

Donarite see “Safety explosives”. 

Dormiole = Amylenechloral. CClg . CH(0H)0 . C5HJ1. Obtained by mixing 
10 parts of anhydrous chloral with 6 parts amylene hydrate. 

Colourless, oily liquid smelling like camphor, S. G. 1.24. Does not mix 
with cold HoO. Soluble in any proportion in alcohol, ether, acetone and the 
fixed oUs. ^ r , , 

. It is prescribed internally as a good and harmless soporific, for instance 
m cases of heart disease, neurasthenia, insanity, &c. 

Double protar see “Photograph”. 

Dowson gas see “Water gas”. 

Dualine see “Dynamite. “ 

Bliicher. 15 
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Dragon’s blood. 


Dragon’s blood ( Sanguis Draconis; Eesina Draconis). A collective name 
for several similar vegetable gums of dark brownish-red colour, which are 
non-transparent and brittle. In European commerce there are only a few 
kinds of dragon’s blood of importance. The chief of these is the East Indian, 
It is derived from the palm Daermnorops [Calamus] Draco from the fniit 
of which it exudes. The best quality is found in grains which are kneaded 
together to balls (tears). The “dragon’s blood in tears” is more valuable than 
that obtained by treating the fruit with steam, the so-called “dragon’s blood in 
cakes”. After this operation the fruit is broken up and melted by gentle 
heating; in this way a third quality “the dragon’s blood in sticks” is obtained. 

The different kinds of dragon’s blood have a dark-red to blackish-red colour, 
are non-transparent, and possess a sweet, slightly rasping taste. The real 
dragon’s blood resin is soluble in alcohol, benzene, carbon disulphide, chloro- 
form, and petroleum, but almost insoluble in ether and tuimentine oil. The 
value of the different kinds is judged according to the depth of the dark -red 
colour of the streak on rough paper. It is used for the preparation of red lakes 
and varnishes. 


DRUGS 

Latin Name 

Agaricus 

Aloe 

Ammoniacum 

Amygdalae 

Amylum 

Anime 

Anthophylli 

Araroha 

Aaa foetida 

Balaamum canadenae . . . 

“ Copaivae . . . 

“ peruvianum . 

“ tolutanum . . . 

Benzoe 

Boletua cervinua 

Bulbria Alii 

“ Scillae 

“ Victorialis longae 

Camphora 

Canella alba 

Carrageen 

Caacara Sagrada 

Caaaia fistula 

Caryophylli 

Catechu 

Colocynthidea 

Colophonium 

Copal 

Cortex aurantii fructua . 

“ Anguaturae 

“ Canellae albae . . . 

“ Caacarillae 

“ Chinae 

“ Cinnamomi 

“ Citri fructua . . . . 

“ Condurango 

“ Coto 

“ Frangulae 

“ Granaii 

“ “ radicia . . 


Table A. 

English Name 

.... Larch Polyporus 
.... Aloes 

Ammoniacum 

.... Almonds 
.... Starch 
.... Gum Animi 

Mother Cloves 

Araroba 

Asa foetida 

.... Canada Balsam 
.... Balsam of Copaiba 
.... Balsam of Peru 

Balsam of Tolu 

.... Gum Benzoin 

Hart’s Truffles 

.... Garlic 
Squill 

Long-rosted Garlic 

.... Camphor 

.... Canella; Wild Cinnamom 
.... Carragheen (Iceland moss) 

.... Ctiscara Sagrada 

Purging Cassia 

.... Cloves 
.... Catechu 
.... Colocynth 

Rosin (Colophony) 

Copal 

Orange-peel 

Angostura Bark or Carony Bark 

Canella Bark 

.... Cascarilla Bark 

Peruvian Bark 

.... Cinnamon 

Lemon-peel 

Condurango Bark 

.... Coto-bark 

Black Alder 

Pomegranate Bark 

Pomegranate Root-bark 
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Cortex Ouajaci 

“ Mezerei 

“ Qmssiae 

“ Quebracho 

Quercus 

“ Quillajae 

“ Rhamni Purshiani 

“ Salicis 

“ Sassafras 

“ Simarubae 

“ Ulmi 

“ W interanus 

Crocus 

Gubebae 

Curare 

Curcuma 

Dammara 

Elemi 

Euphorbium 

Fabae calabaricae 

“ Tonca 

“ St. Ignatii 

Flores Acaciae 

“ Arnicae 

“ Aurantii 

“ Cassiae 

“ Chamomillae 

“ “ romanae 

“ Cinae 

“ Koso 

“ iMvandulae 

“ Malvae 

“ “ arbore/ie . . . 

“ Naphae 

“ Pyrethri 

“ Rhoeados 

“ Rosae 

Sambuci 

“ TilicLC 

Verbasci 

Folia Aurantii 

“ AlihaeM 

“ Belladonnae 

“ Bucco 

Coca 


Daturas 

Digitalis 

Farfarae 

Hyoscyami 

J^orandi 

Juglandis 

Lauri 

Laurocerasi 

Malvae 

Matico 

Melissae 

Menthae crispae . 
“ piperitae 

Menyanthis 

MUlefolii 

Nicotianae 

Rosmarini 


Engilsch Name 

Guaiacum 
Mezereon Bark 
Quassia bark 
Quebracho Bark 
Oak Bark 
Soaptree Bark 
Cascara Sagrada 
Willow Bark 
Sassafras Bark 
Simaruba Bark 
Elm Bark 
Winter’s Bark 
Saffron 

Cubebs; Java Pepper 

Curare 

Turmeric 

Dammar 

Gum Elemi 

Euphorbium 

Calabar Beans; Ordeal Bean 
Tonka Beans 

St. Ignatius’ Beans (Nux vomica) 

Blackthorn flowers 

Arnica flowers 

Orange flowers 

Flowers of Cassia 

Chamomile flowers 

Roman Chamomile flowers 

Wormseed or Semen contra 

Kousso flowers 

Lavender 

Mallow 

Hollyhock 

Orange flowers 

Pyrethrum (Spanish Chamomile) 

Poppy petals 

Rose petals 

Elder flowers 

Linden flowers 

Mullein flowers 

Orange leaves 

Marsh Mallow 

Belladonna 

Buchu 

Coca 

Thornapple (Datura) 

Foxglove 

Coltsfoot 

Henbane 

Jaborandi 

Walnut 

Laurel or Sweet Bay 
Cherry Laurel 
Mallow 
Matico 

Common Balm 
Curled Mint 
Peppermint 
Buckbean 
Yarrow 
Tobacco . . . 

Rosemary 


16 * 
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Dbuqs. 


Latin Name 

Folia Salviae 

“ Sennae 

“ Stramonii 

“ Trifolii fihrini 

“ Uvae ursi 

Fructus Amomi 

“ Anethi 

“ Aniai 

“ “ atellati 

“ Aurantii immaturi . . . 

“ Cannabis 

“ Capsid 

“ Cardamomi 

“ Card 

“ Cassiae fistulae 

“ Ceratoniae 

“ Cocculi 

“ Colocynthidis 

“ Conii 

“ Coriandri 

“ Cumini 

“ Foeniculi 

“ Jujvbae 

“ Juniperi 

“ Lauri 

“ Myrtilli 

“ Papaveris 

“ Petrosdini 

“ Phellandrii 

“ Piperis 

“ Kkamni catharticae . . 

“ Sahadillae 

“ Samhuci 

“ Silybi 

“ Tamarindi 

“ Vanillae 

Fungus chirurgorum 

“ Larids 

“ Sambuci 

Oalbanum 

Qallae 

Oambir 

Gemmae populi 

Olandulae Rottlerae 

“ Lupuli 

Qossypium 

Ouarana 

Qummi arabicum 

QuMa percha 

Qutti 

Helminthochorton 

Herba Ahsinthii 

“ Cannabis indicae 

“ Cardui bendicti 

“ Centaurii minoris 

“ Chenopodii ambrosioides 

“ CocfUeariae 

“ Conii 

“ Qaleopsidis ^ 

“ Hyoscyami 

“ Jaceae 

Lobeliae 


English Name 

Sage 

Senna 

Thornapple 

Buckbean 

Bearberry 

Allspice, Jamaican Pepper. 

Dill 

Aniseed 
Star Anise 

Unripe Oranges (“Issue Peas“) 
Hempseed 

Capsicum; Cayenne Pepper; Red 
Cardamoms [Pepper 

Caraway 
Purging Cassia 

St. John’s Bread or Algaroba 

Cocculus indicus 

Colocynth 

Hemlock 

Coriander 

Cumin 

Fennel 

Jujubes 

Juniper berries 

Laurel berries 

Whortle berries 

Poppy heads 

Parsley seed 

Fineleaved Water Hemlock, or Water 

Black Pepper [Fennel 

Buckthorn berries 

Sabadilla 

Elder berries 

Proly. Milk Thistle 

Tamarinds 

Vanilla 

German Tinder or Amadou 
Larch Polyporus 
Jews’ Ears 
Gum Galbanum 
Oakgalls 

Gambier or Terra japonica 

Poplar Buds 

Kamala 

Hop-glands; Lupulinum 
Cotton wool 
Guarana 
Gum arabic 
Gutta Percha 
Gamboge 
Corsican Moss 
Common Wormwood 
Indian Hemp 

Holy Thistle; Blessed Thistle 

Centaury 

Mexican tea 

Common Scurvy-grass 

Hemlock 

Hempnettle 

Henbane 

Heartsease; Pansy 
Lobelia (Indian Tobacco) 
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Latin Name 

Herba Majoranae 

“ Meliloti 

“ MillefoUi 

“ Polygalae 

“ Serpylli 

“ Thymi 

“ Violae tricoloris . . . 

Indicum 

Jujubae 

Kamala 

Lacca 

“ Musci 

fximimria 

Lichen ialandicua 

fAgnum Campechianum . . 

“ Fernamhiici 

“ Quajaci 

“ Juniperi 

'■ Quassiae 

“ Santalinum 

Sassafras 

Lupulinum 

Lycopodium 

Mads 

Manna 

MasHx 

Myrrha 

Oleum Amygdalarum 

' Cacao 

Cocos 

Crotonia 

Juglandia 

Lauri 

Lini 

Nucistae 

OUvarum 

Papaveria 

Picis 

Rapae 

Ricini 

Ru^ci 

Seaami 

Olihanum 

Opium 

Orleana 

Pciata Ouarana 

Pix Uquida 

Pulpa Tamarindorum .... 

Radix Alcannae 

‘‘ AUhaeae 

‘‘ Angelicae 

Aconiti 

II Ariatolochiae 

II Artemisiae 

II Bardanae 

Belladonnae 

II Bryoniae 

|‘ Caricia 

Carlinae 

Cichorii 

II Colchici 

Colombo 


English Name 
Sweet Marjoram 
Melilot 
Yarrow 
Milkwort 
Wild Thyme 
Garden Thyme 
Heartsease; Pansy 
Indigo 
Jujubes 
Kamala 
Lac (Shellac) 

Litmus 
Tangle 
Iceland Moss 
Logwood 
Brazil wood 
Lignum vitae 
Juniper 
Quassia chips 

Sandal wood; Red Sanders 

Sassafras 

Hop glands 

Lycopodium powder 

Mace 

Manna 

Mastic 

Myrrh 

Od of Almonds 
Cacao butter 
Coconut Oil 
Croton Oil 
Walnut Oil 
Oil of Laurel 
Linseed Oil 

Oil of Nutmeg or Oil of Mace 

Olive Oil 

Poppy Oil 

Pine tar Oil 

Colza Oil 

Castor Oil 

Birch-tar 

Sesame Oil or Gingelly Oil 

Gum Olibanura or Frankincense 

Opium 

Arnotto 

Guarana 

Tar 

Tamarind pulp 
Alkanet 
Marsh mallow 
Angelica 

Monkshood or Wolfsbane 

Birthwort Oil 

Mugwort 

Burdock 

Belladonna 

White Bryony 

Sedge; German Sarsaparilla 

Carlme Thistle 

Chicory 

Colchicum or Meadow Saffron 
Calumba root 
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Latin Name 

Radix Consolidae 

“ Enulae 

“ FoenictUi 

“ Oentianae 

“ Olycyrrhizae 

“ Helena 

" Ipecacuanhae 

" Jalapae 

“ Levistici 

" Liquiritae 

“ Mei 

“ Ononidia 

“ Petroaelini 

“ Pimpinellae 

“ Polygalae amarae 

“ Pyrethri 

“ Ratanhiae 

“ Rhei 

“ Salep 

“ Saponariae 

“ Saraaparillae 

“ Scammoniae 

“ Senegae 

“ Symphyti 

“ Sumhul 

“ Taraxaci 

“ Valerianae 

Reaina Anime 

“ aWa 

“ Benzoe 

“ hurgundica 

“ Copal 

“ Dammara 

“ Elemi 

“ Quajaci 

“ Laccae 

“ Maatix 

“ Pini 

Rhizoma Ari 

“ Ariatolochiae 

“ Arnicae 

“ Calami 

“ Caricia 

“ Caryophyllatae 

“ Chinae 

“ Curcumae 

“ Filicia 

“ Qalangae 

“ Qraminia 

“ Helldbori viridia . . . . 

“ Hydraatia canadenaia 

“ Imperatoriae 

“ Jridia 

“ Polypodii 

“ Rhei 

“ Serpentariae 

“ TormerUiUae 

“ Veratri 

“ ZedoarUie 

“ Zingiberia 

Sacchxmm 

Sandanusa 


Engllih Name 

Comfrey 

Elecampane 

Fennel 

Gentian 

Liquorice 

Elecampane 

Ipecacuanha 

Jalap 

Lovage 

Liquorice 

Spignel 

Rest harrow 

Parsley 

(Small) Burnet Saxifrage 

(Bitter) Milkwort 

Spanish Chamomile (Pyrethrum) 

Ratanhy 

Rhubarb 

Salep 

Soapwort 

Sarsaparilla 

Scammony 

Rattlesnake-root 

Comfrey 

Sumbul root 

Dandelion 

Valerian 

Gum Animi 

White Rosin 

Gum Benzoin 

Burgundy Pitch 

Copal 

Dammar 

Elemi 

Guaiacum 

Lac (Shellac) 

Mastic 
White Rosin 

Common Arum or Wake-Robin 

Birthwort 

Arnica 

Sweet Flag 

Sedge 

Common Avens 
China Root 
Turmeric 
Male Fern 
Galanga 

Twitch Couch-grass 

Green Hellebore 

Golden Seal or Yellow Root 

Masterwort 

Orris root 

Common Polypody 

Rhubarb 

Snake root 

Tormentil 

White Hellebore 

Zedoary 

Ginger 

Sugar 

Sandarac 
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Latin Name 

Sanguis Draconis 

Scammonium 

Secede cormUum 

Semen Ahri 

“ Amygdali 

“ Arecae 

“ Cacao 

‘ ‘ Cinae 

“ Colchici 

“ Crotonia 

“ Cydoniae 

“ Erucae 

“ Foenugraeci 

“ Hyoscyami 

“ Ignatii 

“ Lini 

“ Myristicae 

“ Nigellae 

'* Paeoniae 

‘‘ Papaveris 

‘‘ Physostigmatis . . . . 

“ Payllii 

“ Quercua 

“ Ricini 

“ Sabadillae 

“ Staphiaagriae 

“ Strophanthi 

“ Sinapia aJbae 

“ “ nigrae . . . . 

“ Stramonii 

“ Strychni 

“ Tiglii 

“ Tonco 

Siliqua dtdeia 

Slipitea Dulcamarae 

“ Laminariae 

Styrax liquidua 

Succua Liquiritiae 

Summitatea Sabinae 

Tamarindi 

Terebinthina communia . . . 

“ veneta 

Tubera Aconiti 

“ Ari 

Colchici 

Jalapae 

“ Salep 

Turionea Pini 

'Pragacantha 


English Name 
Dragon’s blood 
Scammony 
Ergot 

Crab’s Eyes 
Almonds 
Areca nuts 
Cacao beans 
Semen contra 

Colchicum; Meadow Saffron 

Croton Seeds or Tilly Seeds 

Quince Seeds 

White Mustard 

Fenugreek 

Henbane 

St. Ignatius’ Beans 

Linseed 

Nutmegs 

Fennel Flower; Love in a Mist 

Peony 

Poppy 

Ordeal Beans; Calabar Beans 

Clammy Plantain 

Acorns 

Castor Oil 

Sabadilla 

Stavesacre 

Strophanthus seeds 

White Mustard 

Black Mustard 

Thornapple 

Nux vomica 

Croton seeds 

Tonka beans 

Algaroba 

Woody Nightshade 

Tangle 

Storax 

Liquorice 

Savin 

Tamarinds 

Common Turpentine 

Venetian Turpentine 

Monkshood 

Common Arum 

Colchicum or Meadow Saffron 

Jalap 

Salep 

Pine-shoots 
Gum tragacanth 


English Name 

Acorns 

Alg^oba 

(Allium victoriale) 

Allspice 

Alkanet root 

Almonds 

Aloes 

Amadou 

Angelica 


Table B. 

Latin Name 

.... Semen Quercua 

.... Frudua CeratoniaCf Siliqua dulcis 

.... Btdbua Victorialia hngae 

Fructua Amomi 

Radix Alcannae 

Amygdalae, Semen Amygdali 

Aloe 

.... Fungus chirurgorum 
Radix Angelicas 
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EnglUh Name 

Angostura Bark 

Aniseed 

Araroba 

Areca nut 

Arnica flowers 

Arnica root 

Ariiotto 

Arum bulb 

Asa foetida 

Balsam of Copaiba 

Balsam of Peru 

Balsam of Tolu 

Bearberry leaves 

Belladonna (leaves) 

Belladonna (root) 

Black Alder 

Black Mustard 

Blackthorm flowers 

Blessed Thistle 

Birchtar 

Brazil wood 

Buchu leaves 

Buckbean 

Buckthorn berries 

Burdock 

Burgundy pitch 

Cacao beans 

Cacao butter 

Calabar beans 

Calumba 

Camphor 

Canada Balsam 

Canella Bark 

Capsicum 

Cardamoms 

Carline Thistle 

Carragheen 

Carroway 

Cascara Sagrada 

Cascarilla bark 

Castor Oil 

Castor seeds 

Catechu 

Centaury 

Chamomile (flowers) 

Cherry laurel 

Chicory 

China root 

Cinnamom 

Clammy Plantain 

Cloves 

Crab’s eyes 

Croton oil 

Croton seed 

Coca leaves 

Cocculus indicus 

Coconut oil 

Colchicum (bulb) 

Colchicum (seeds) 

Coloc^th 

Coltsfoot 

Colza Oil 


Latin Name 
Cortex Angusturae 
Fructus Anisi 
Araroba 
Semen Arecae 
Flores Amicae 
Rhizoma Arnicae 
Orleana 

Tvbera Ari ; Rhizoma Ari 
Asa foetida 
Balsamum Copaivae 
Balsamum peruvianum 
Balsamum tolutanum 
Folia Uvae ursi 
Folia Belladonnae 
Radix Belladonnae 
Cortex Frangulae 
Semen Sinapis nigrae 
Flores Acaciae 
Herha Cardui benedicti 
Oleum Rusci 
Lignum Fernarnbuci 
Folia Bucco 

Folia Menyanthis; Folia Trifolii fibrini 

Fructus Rhamni catharticae 

Radix Bardanae 

Resina burgundica 

Semen Cacao 

Oleum Cacao 

Fabae calaharicae ; Semen Physostig- 
Radix Colombo [matis 

Camphora 

Balsamum canadense 

Canella alba; Cortex Canellae albae 

Fructus Capsid 

Fructus Cardamomi 

Radix Carlinae 

Carrageen; Lichen islandicus 

Fructus Carvi 

Cascara Sagrada ; Cortex Rhamni 
Cortex Cascarillae [Purshiani 

Oleum Ricini 
Semen Ricini 
Catechu 

Herha Centaurii minoris 
Flores Chamomillae 
Folia Laurocerasi 
Radix Cichoriae 
Rhizoma Chinae 
Cortex Cinnamomi 
Semen Psyllii 
Caryophylli 
Semen Abri 
Oleum Crotonis 

Semen Crotonis; Semen Tiglii 
Folia Coca 
Fructus Cocculi 
Oleum Cocos 

Tubera Colchici ; Radix Colchici 
Semen Colchici 

Colocynthides ; Fructus Colocynthidis 
Folia Farfarae 
Oleum Rapae 
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English Name 

Comfrey 

Common Avens 

Common Balm 

Common Polypody 

Common Turpentine 

Common Wormwood 

Condurango bark 

Copal 

Coriander 

Corsican Moss 

Corydalis 

Coto bark 

Cottonwool 

Cubebs 

Cumin 

Curare 

l.larnmar 

Dandelion 

Dill 

Dragon’s Blood 

Elecampane 

Elemi 

Elder berries 

l'"ldcrflowers 

Elm bark 

Ergot 

Euphorbium 

Fennel (seeds) 

Fennel seed, Love in a mist 

Fennel (root) 

Fenugreek 

Flowers of Cassia 

Foxglove 

Calanga 

Calbanum 

Calls 

Cambier 

Gamboge 

Carden Thyme 

Garlic 

Gentian 

Ginger 

Golden Seal 

Green Hellebore 

Guaiacum (gum) 

Guarana 

^Tuiacum bark 

Gum Ammoniacum 

Gum Animi 

Gum arabic 

Gum Benzoin 

Gum Tragacanth 

Guttapercha 

Hart’s truffles 

Hemlock (herb) 

Hemlock (seeds) 

Hempnettle 

Hempseed 

Henbane (herb) 

Henbane (leaves) 

Henbane (seeds) 

Hollyhock (flowers) 


Latin Name 

Radix Conaolidae ; Radix Symphyti 

Rhizoma Caryophyllatae 

Folia Melissae 

Rhizoma Polypodii 

Terebinthina communis 

Hcrha Ahsinthii 

Cortex Condurango 

Copal; Resina Copal 

Fructus Coriandri 

H elminthochorton 

Radix Aristolochiae; Rhizoma Ariato- 
Cortex Coto [lochiae. 

Oossypium 
Cubebae 

Fructus Cumini 
Curare 

Dammara ; Resina Damrnara 

Radix Taraxaci 

Fructus Anethi 

Sanguis Draconis 

Radix Enulae ; Radix Helenii 

Elemi; Resina Elemi 

Fructus Sambuci 

Flores Sambuci 

Cortex Ulmi 

Secale cornutum 

Euphorbium 

Fructus Foeniculi 

Semen Nigellae 

Radix Foeniculi 

Semen Foenugraeci 

Flores Gassiae 

Folia Digitalis 

Rhizoma Galangae 

Qalbanum 

Qallae 

Oambir 

Qutti 

Herba Thymi 

Bulbus Alii 

Radix Gentianae 

Rhizoma Zingiberis 

Rhizoma Hydrastis canadensis 

Rhizoma Hellebori viridis 

Resina Quajaci 

Guarana ; Pasta Guarana 

Cortex Guajaci 

Ammoniacum 

Anime ; Resina Anime 

Qummi arabicum 

Benzoe ; Resina Benzoe 

Tragacantha 

Gutta percha 

Boletus cervinus 

Herba Conii 

Fructus Conii 

Herba Qaleopsidis 

Fructus Cannabis 

Herba Hyoscyami 

Folia Hyoscyami 

Semen Hyoscyami 

Flores Malvae arboreae 
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Engllah Name 

Hop glands 

Indian Hemp 

Indigo 

Ipecacuanha 

Issue peas 

Jaborandi 

Jalap 

Jews’ Ears 

Jujubes 

Juniper berries 

Juniper wood 

Kamala 

Kousso flowers 

Lac 

Larch Polyporus 

Laurel berries 

Laurel leaves 

Laurel oil 

Lavender 

Lemon peel 

Lignum vitae 

Liquorice 

Liquorice 

Linden flowers 

Linseed 

Linseed oil 

Litmus 

Lobelia 

Logwood 

Lovage 

Lycopodium 

Mace 

Male Fern 

Mallow (flowers) 

Mallow (leaves) 

Manna 

Marshmallow (leaves) .... 

Marshmallow (root) 

Masterwort 

Mastic 

Matico 

Melilot 

Mexican tea 

Mezereon bark 

Milkwort 

Mint 

Monkshood (roots) 

Mother cloves 

Mugwort 

Mullein 

Myrrh 

Nutmegs 

Nux vomica 

Oak bark 

Oil of Almonds 

Oil of Bitter Almonds . . . 

Oil of Nutmeg 

Olibanura, Frankincense . 

Olive Oil 

Opium 

Orange flowers 

Orange leaves 


Latin Name 

Lupulinum; Olandrdae Lupuli 
Herba Cannabis indicae 
Indicum 

Radix Ipecactianhae 
Fructus Aurantii immaturi 
Folia Jaborandi 

Radix Jaktpae; Tubera Jalapae 

Fungus Sambuci 

Juji^ae; Fructus Jujubae 

Fructus Juniperi 

Lignum Juniperi 

Kamala ; Qlandulae Rottlerae 

Flores Koso 

Lacca ; Resina Laccae 

Agaricus ; Fungus Laricis 

Fructus Lauri 

Folia Lauri 

Oleum Lauri 

Flores Lavandulae 

Cortex Citri fructus 

Lignum Quajaci 

Succus Liquiritiae 

Radix Qlycyrrhizae 

Flores Tiliac 

Semen Lini 

Oleum Lini 

Lacca Musci 

Herba Labeliae 

Lignum Campechianum 

R^ix Levistici 

Lycopodium 

Macis 

Rhizoma Filicis 
Flores Malvae 
Folia Malvae 
Manna 

Folia Althaeae 
Radix Althaeae 
Rhizoma Imperatoriae 
Mastix ; Resina Mastix 
Folia Matico 
Herba Meliloti 

Herba Chenopodii ambrosioides 
Cortex Mezerei 

Herba Polygalae ; Radix Polygalae 

Folia Menthae empoe [amarae 

Tubera Aconiti ; Radix Aconiti 

Anthophylli 

Radix Artemisiae 

Flores Verbasci 

Myrrha 

Semen Myristicae 

Semen Strychni 

Cortex Quercus 

Oleum Amygdalarum 

Oleum Amygdalarum amarum 

Oleum Hucistae 

Olibanum 

Oleum Olivarum 

Opium 

Flores Aurantii; Flores Naphae 
Folia Aurantii 
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English Name 

Orange peel 

Orris root 

Pansy 

Parsely (root) 

Parsley (seed) 

Peony 

Pepper 

Peppermint 

Pine needle oil 

Pine shoots 

Pomegranate bark 

Pomegranate rootbark 

Poplar buds 

Poppy heads 

Poppy oil 

Poppy petals 

Poppy seed 

Purging Cassia 

Quassia chips 

Quassia bark 

Quebracho bark 

Quince seeds 

Katanhy 

Rattlesnake root 

Rest harrow 

Rhubarb 

Roman Chamomile (flowers) . 

Rosemary 

Rose petals 

Rosin 

Sabadilla 

Saffron 

Sage 

Salop 

Sandal wood 

Sandarach 

Sarsaparilla 

Sassafras bark 

Sassafras wood 

Savin 

Sedge 

Scammony 

Scurvygrass 

Semen contra 

Senna 

Sesame Oil 

(Silybum Mariarum) 

Simaruba bark 

Small Burnet Saxifrage 

Snake root 

Soaptree 

Soapwort 

Spanish Chamomile 

Spanish Chamomile (flowers) 

Spignel 

Squill 

Star anise 

Starch 

Stavesacre 

Storax 

Strophanthus seeds 

St. Ignatius beans 


Latin Name 
Cortex Aurantii fructua 
Rhizoma Iridia 

Herba Violae tricoloria; Herba Jaccae 

Radix Petroailini 

Frucixia Petroailini 

Semen Paeoniae 

Fructm Piperia 

Folia Menthae piperitae 

Oleum Picia 

Turionea Pini 

Cortex Oranati 

Cortex Oranati radicia 

Gemmae populi 

Fructua Papaveria 

Oleum Papaveria 

Florea Rhoeadoa 

Semen Papaveria 

Caaaia fistula; Fructua Cassiae fistulae 

Lignum Quaaaiae 

Cortex Quaaaiae 

Cortex Quebracho 

Semen Cydoniae 

Radix Ratanhiae 

Radix Senegae 

Radix Ononidia 

Radix Rhei ; Rhizoma Rhei 

Florea Chamomillae romanae 

Folia Rosmarini 

Florea Roaae 

Resina Pini; Colophonium 

Semen Sabadillae; Fructua Sabadillae 

Crocus 

Folia Salviae 

Tubera Salep ; Radix Salep 

Lignum Santalinum 

Sandaraca 

Radix Saraaparillae 

Cortex Sassafras 

Lignum Saaaafras 

Summitatea Sabinae 

Radix Caricia; Rhizoma Caricia 

Scammonium ; Radix Scammoniae 

Herba Cochleariae 

Florea Cinae ; Semen Cinae 

Folia Sennae 

Oleum Seaami 

Fructua Silybi 

Cortex Simarubae 

Radix Pimpinellae 

Rhizoma Serpentariae 

Cortex Quillajae 

Radix Saponariae 

Radix Pyrethri 

Florea Pyrethri 

Radix Mei 

BuUbua SciUae 

Fructua Aniai atellati 

Amylum 

Semen Staphiaagriae 

Styrax liquidua 

Semen Strophanthi 

Fabae St. Ignatii; Semen Ignatii 
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English Name 

Sugar 

Sumbul root 

Sweet Flag 

Sweet Marjoram 

Tamarinds 

Tamarind pulp 

Tangle 

Tar 

Peruvian Bark 

Thornapple (leaves) 

Thornapple (seeds) ‘ 

Thyme 

Tobacco leaves 

Tonka beans 

Tormentil 

Turmeric 

Twich or Couchgrass 

Valerian 

Vanilla 

Venetian Turpentine 

Walnut leaves 

Walnut Oil 

Water Fennel 

White Bryony 

White Hellebore 

White Mustard 

White Rosin 

Whortle berries 

Willow bark 

Winter’s Bark 

Woody Nighthadc 

Yarrow 

Zedoary 


Latin Namo 

Sacchartm 
Radix Sumbul 
Rhizoma Calami 
Herha Majoranae 
Tamarindi; 

Pulpa Tamarindorum 
Laminaria; Stipites Laminariae 
Fix liquida 
Cortex Chinae 

Folia Daturae; Folia Stramonii 

Semen Stramonii 

Herha Serpylli 

Folia Nicotianae 

Fabae Tonco; Semen Tonco 

Rhizoma Tormentillae 

Curcuma; Rhizoma Curcumae 

Rhizoma Oraminis 

Radix Valerianae 

Fructua Vanillae 

Terebinthina veneta 

Folia Juglandia 

Oleum Juglandia 

Fructua Phellandrii 

Radix Bryoniae 

Rhizoma Veratri 

Semen Erucae; Semen Sinapia albae 

Reaina alba 

Fructita Myrtilli 

Cortex Salicia 

Cortex Winteranua 

Stipitea Dulcamarae 

Herba Millefolii ; Folia Millefolii 

Rhizoma Zcdoariae 


Dulcine (Sucrene, Sucrol) see “Sweetening matters, artificial". 

Duotal == guaiacol carbonate (CaH 4 . 0 . CH 3 ) 2 C 03 . Two molecules guaiacol 
(q. V.) are dissolved in caustic soda and one molecule phosgene gas (carbonyl 
chloride) COClg passed into the solution. The action is represented by the 
following equation: — 

2 (C 4 H 4 . OCH 3 . ONa) + COCI 2 = 2 NaCl + (CgH^ . OCHslgCOa- 

A white, nearly tasteless and odourless powder of crystalline structure, 
insoluble in H 2 O, slightly soluble in cold, readily in hot alcohol, in ether 
chloroform and benzene. M. P. 78 — 84®. 

It is used in medicine as a remedy for tuberculosis, typhus, diarrhoea, &c. 

Drying. 

Desiccators. Drying ovens, Drying pans &c.: 

Werner Pfleiderer Sc Perkins Ld., Peterborough. 

Drying Apparatus: 

Friedrich Heckmann, Berlin SO. 16, Briickenstr. 6b (see advts.). 

Emil Passburg, 30 Great Great, St. Helen's, London £.0. 

G. Scott Sc Son Ld., 2 Talbot Court, London E.C. 

Vacuum Drying Cupboard ol cast-iron and wrought iron: 

Volkmar Haenig Sc Comp., Heidenau«Dreeden, Germany (see front part advt.). 

Friedrich Heckmann, Berlin SO. 16, Briickenstr. 6b (see advts.). 
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Dyeing. See articles on “Cotton dyeino“, “Wool dyeing“, “Silk 
dyeing “Vats and Vat dyeing“, “Tubkey-ed dyeing“. For fastness 
of dyes see “Fastness of dyes“. 

Dyes, Machines: 

Werner Pfleiderer & Perkins I.d., Peterborough. 

Dyewood-Extract-apparatus : 

Volkmar Haenig & Comp., Heidenau-Dresden, Germany (see front part advt.). 

Dynamite. By the name dynamite is understood every blasting powder 
of which the active principle is mainly nitroglycerine, absorbed by any 
suitable substance. A distinction is made between dynamites with active 
and inactive additions. In the latter case the materials posses qualities which 
also characterize them as blasting and explosive materials. 

1. Dynamites with inactive additions. 

This class includes Kibselguhe dynamite, Carbodynamite, Rhexite, 
Dualinb, Carbonite, Vigorite, Vongbs dynamite, Hercules powder, 
Lithofractbur, &c. 

The most important dynamite is kieselguhr-dynamite (Gurdynamite), 
that dynamite which is usually called simply dynamite. It usually consists 
of 45 % nitroglycerine, 24.5 % kieselguhr and 0.5 % soda. The kieselguhr 
(infusorial earth) employed must be very pure ; it is first gently ignited and 
then more strongly (on being heated too strongly it loses its absorptive powers). 
It is then ground to a very fine powder and must be used straight away as 
otherwise it absorbs moisture. The mixing of nitroglycerine with kieselguhr 
is usually not performed mechanically but by hand. The mixture is repeatedly 
pressed through metal sieves in order to ensure more complete mixing. The 
finished dynamite is stamped out in presses in sausage-shaped masses which, 
wrapped in parchment paper, are brought into commerce as dynamite car- 
tridges. 

Gurdynamite forms a doughy, somewhat fatty, odourless mass of brownish - 
yellow to red colour. When ignited it burns quietly and only explodes when in 
a confined space. It can be exploded by sudden heating or by a sudden shock. 
Dynamite solidifies at + 8® and must then be carefully warmed before using. 

Other dynamites with inactive additions are prepared in approximately 
similar manner. Care must always be taken that the absorbing agents are 
pure and dry. Among the explosives of this class may be mentioned: 

Carbodynamite, containing 90 % nitroglycerine and 70 % cork charcoal. 

Rhexite, 64 % nitroglycerine, 18 % soda saltpetre, 7 % wood meal and 

% vegetable mould. 

Dualin, 80 % nitroglycerine, 10 % saw-dust, and 10 % nitre. 

Carbonite, 25 % nitroglycerine, 40.5 % wood meal, 34 % sodium nitrate, 
and 0.5 % Na^COj. 

Vigoritb, 30 % nitroglycerine, 9 % wood stuff, 5 % magnesium carbonate, 
49 % potassium chlorate, and 7 % potassium nitrate. 

Vonges dynamite, 75 % nitroglycerine, 20.8 % randanite (decomposed 
felspar), 3.8 % quartz and 0.4 % magnesium carbonate. 

Hercules powder, 40 % nitroglycerine, 12 % wood stuff, 46 % sodium 
nitrate, 1 % common salt and 1 % magnesium carbonate. 

Lithofractbur. 54 % nitroglycerine, 15% barium nitrate, 17 % kieselguhr, 
2 % wood meal, 1 % bran, 4 % sulphur, 2 % manganese dioxide, and 2 % 
sodium carbonate. 

WiTTENBURG WEATHER DYNAMITE, 25% nitroglycerine, 34 % potassium 
jntrate, 38.5 % rye meal, 1 % wood meal, 1 % barium nitrate, 0.5 % sodium 
bicarbonate. 
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Many other mixtures have been proposed but have not attained 
any practical importance. It can also be seen that several of these explosives 
contain besides nitroglycerine other substances which increase the explosive 
power so that they can also be included in the second class ; but such additions 
are for the greater part only of a secondary nature, and the real absorbent, 
or the larger part of it is active (see Safety explosives). 

2. Dynamites with active absorbents. 

The principal members of this class are blasting gelatine and gelatine 
dynamite, raeganite; colonia powder may also be mentioned. 

With blasting gelatine and gelatine dynamite the absorbent is collodion 
wool (dinitrocellulose) (see Collodion and Gun cotton). Dinitrocellulose 
dissolves in nitroglycerine; the latter is heated in copper pans to 60 — 60° 
and the carefully dried collodion wool introduced. If other substances are to 
be added the mixture is worked in suitable kneading machines. In many 
instances the mixing is carried out by hand even though this method is be- 
coming less general on account of the great danger. 

The blasting gelatines contain 92.% nitroglycerine and 8 % dinitrocellulosc ; 
and very often nitre. It forms a hom-like, transparent mass which can be 
cut and moulded and is more powerful as a blasting agent than dynamite, 
but soon loses part of its strength when stored, on account of its giving off 
nitroglycerine. The latter quality renders blasting gelatine dangerous and 
has frequently given rise to explosions. It is however less easily exploded 
by shock than dynamite, and special igniting cartridges are necessary 
to bring about its explosion. Blasting gelatine in the frozen state is very 
unstable and dangerous. On account of the numerous dangers attached to 
its use blasting gelatine has not been a complete commercial success. It is 
used under water, where the common form of dynamite cannot be employed. 
For mixing the constituents of blasting gelatine special mixing machines arc 
in use, since the mass must be heated during the treatment and is then very 
sensitive to mechanical shock. 

Recently the attentions of inventors have been again directed to blasting 
gelatine. According to the English Pat. 18161 (1901) one part of nitrotolueno 
and 2 parts of nitroglycerine are mixed and 6 parts of insoluble gun cotton 
added; then 2 parts of acetone are added and the whole granulated. The 
English Pat. 23846 (1902) manufactures blasting gelatine, not from nitro- 
glycerine and collodion wool, but by mixing nitroglycerine with a solution of 
glue in glycerine. The Germ. Pat. 144846 is peculiar. According to this, 
acetylene is absorbed by acetone and this (explosive) solution is employed 
for gelatinizing nitroglycerine and nitrocellulose. It must be surmised that, 
after the evaporation of the acetone, all the acetylene escapes. 

Gelatine dynamite is made from the so-caUed “gelatine” and the mixing 
powder. This “gelatine” is a mixture of nitroglycerine and dinitrocellulose, 
while the mixing powder is a mixture of sodium nitrate, wood meal, and 
sodium carbonate. 

Three gelatine dynamites had the following composition; 



I 


II 


III 

Nitroglycerine 

62.60 

% 

43.60 

0/ 

/o 

63.60 % 

Dinitrocellulose 

2.60 

% 

1.80 

/o 

1.60 % 

Sodium nitrate 

26.26 

% 

41.10 

0/ 

/o 

27.00 % 

Wood meal 

8.40 

% 

13.16 

% 

8.00 % 

Sodium carbonate 

0.35 


0.36 

% 



The manufacture is carried out as in the case of blasting gelatine, the 
mixing being done by hand. Gelatine dynamite is gradually replacing blasting 
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gelatine and also the ordinary dynamite. A very powerful variety of dynamite 
{extra dynamite) is obtained % adding ammonium nitrate to the mixture. 

Meganite consists of nitroglycerine and dinitrocellulose to which is added 
a nitro mixture to ensure complete combustion. In order to prepare it the 
nitro mixture and the dinitrocellulose are mixed by hand with the nitro- 
glycerine and the whole passed through a brass sieve. In this way the danger 
of heating is avoided and a more uniform product is obtained. Meganite 
becomes neither hard nor gelatinous, only freezes with difficulty and explodes 
like dynamite. 

Colonia powder is a mixture of 30 — 35 % nitroglycerine with 65 — 70 % of 
ordinary gun powder. 

See also “Safety explosives". 

Dynamite: 

Sprengatoff A,*G. Carbonit, Hamburg. 

Westfalisch-Anhaltische Sprengatoff-A.-G., Borlin. 

Apparatus for Dynamite: 

Friedrich Heckmann, Berlin SO. 16, Briickonstr. 6b (aoo advts.). 

Dynamos: 

Cannings, Groat Hampton St., Birmingham. 


E. 


Earth see “Soils". 

Earthenware (Crockery). By this term are meant clay wares of porous 
structure, which are glazed. The following varities can bo distinguished, 1. fine 
faycnce or crockery, 2. common fayence or majolica, and 3. potter’s wares. 

The different varieties can be distinguished from one another by the kind of 
glaze. The real crockery (English earthenware) or the fine fayence has trans- 
parent glazes which are either colourless, so that the painting underneath can 
be readily seen, or are coloured, so that the earthenware shines through. 

On the other hand the glazes of majolica are rendered non-transparent 
(by means of SnOg) and are either white or coloured; the design is brought 
on to the glaze and melted together with the latter during the burning. 
Crockery, when broken, forms white hard ringing fragments, while those 
of the common fayence are burnt at a low temperature from yellowish- 
red clay frequently with the addition of chalk, and may readily be scratched. 

For the manufacture of crockery “fatty" pliable clays (plastic clays) which 
bum white are used with the addition of quartz or finely ground flint stone. 
The composition of the mass varies, the percentage of clay substance lies 
between 36 and 65 %, that of quartz between 35 and 60 %. The glazes, 
which are burnt on at a temperature very much lower than that at which the 
articles are burnt, are either lead alkali silicates or are boric acid glazes free 
from lead. 

As raw material for majolica the calcareous diluvial clays are used (just as 
for bricks) ; the clay is then freed from the larger stones by suspension in water 
and mixed with the requisite amount of chalk — sometimes with the addition 
of fine yellow sand (in case of very “fatty" clays). The majolica masses 
contain usually between 25 and 40 % CaCOj,. The glazes of majolica are lead 
silicates, which are made non-transparent by the Edition of tin oxide SnOg. 

With regard to the composition of coloured glazes compare the articlef^ on 
"porcelain colours". The painting of the glazes on majolica is also carried 
out with the latter; the addition of white tin glaze raises the melting point 
of the porcelain colours. 
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Earthenware: 

Fr, Chr. Pikentscher, Zwickau Sa., Germany (see front part advt.). 

Earthenware goods. By this name are understood clay wares of dense 
structure which are very similar to porcelain. Earthenware however is non- 
transparent or only to a very slight extent transparent, and is white in the 
finest classes, but otherwise coloured, slate blue, gray or brown ; earthenware 
is usually glazed. The clays used for its preparation are very plastic, com- 
paratively fire proof, and contain a varying amount of iron. They usually 
contain so much felspar, quartz and alkali silicate that they can be worked 
for earthenware articles without any further addition of fluxes, provided the 
clays are not altogether too fatty; in the latter case quartz, unglazed, burnt 
and then ground earthenware fragments are mixed with the mass. The glazing 
of the earthenware articles is carried out either in the raw state by pouring 
the glaze over the articles, in which case glazes of calcareous clay, potash 
felspar with chalk, kaolin and quartz, boric acid glazes, or lead glazes are 
used, or, instead of pouring a glaze on the finished articles, ordinary salt is 
thrown into the furnace. The water vapour in the flames reacts with the salt 
with the formation of HCl and NaOH; the latter unites with the aluminium 
silicates which are just beginning to soften and forms on the surface of the 
articles a readily fusible sodium aluminium silicate which covers the pieces 
with a glistening skin. The burning of the earthenware goods, which, like that 
of the porcelain wares, is carried out either in crucibles or in such a way that 
the objects are protected from flying ashes by walls of bricks, requires a rather 
high temperature, especially when the glaze is to be made in the way just 
described by throwing salt into the furnace. 

With regard to the use of corundum for the manufacture of earthenware 
vessels for chemical purposes compare the articles “coRUBiN'’and“coRUNDUM’'. 

Earthenware-Caps: 

Weatdeutache Steinzeug • Chamotte- und Dinaswerke O. m. b. H., Euskirchen, Rheinland 
(Germany) (see front part advt. p.). 

Earthenware-Preparations : 

Fr. Chr. Fikentscher, Zwickau Sa., Germany (see front part advt.). 

Earthenware-Transport vessels : 

Fr. Chr. Fikentscher, Zwickau Sa., Germany (see front part advt.). 

Woetdeutsche Steinzeug-, Chamotte- und Dinaswerke G, m. b, H., Euskirchen, Rheinland 
(Germany) (see front part advt. p.). 

Earthnut cake see Feeding stuffs. 

Earthnut oil. An oil obtained from the fruit of the earthnut {Arachis 
hypogaea). The shells are removed and the fruits pressed, first cold and then 
hot. The seeds contain from 38 — 50 % of oil. 

Colourless or yellow mobile oil S. G. (at 15®) 0.199. At 0® it becomes semi- 
solid. The oil is used for the preparation of soap, to adulterate olive oil, as a 
lubricant and (the cold pressed oil) for culinary purposes. 

Earth pitch see Asphalt. 

Earthy talc (Magnesium oxide) see under “Magnesium compounds'*. 
Earth wax see Ozokerite. 

Eau de Javelle see Bleaching. 

Ebonite see Caoutchouc. 

Eegonine see Cocaine. 

Edge Rollers. 

Edge RoUen: 

W. Stamm, 26 College Hill, London E.C., Sole agent for Friedr. Krupp A.-Q. Gruaonwerk, 
Magdeburg -Buckau, Germany. 
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Edinol see Photographic ohbmioals. 

Egg Yolk. 

Egg yolk: 

W. Bug. Seemftnn, Stuttgart, Germany. 

Eikonogen see "Photographic chemicals". 

Ektogan. A preparation of ZnO containing 40—60 % zinc peroxide. It is 
odourless and non 'poisonous. Used as a dressing for wounds, bums, in opera- 
tions and for skin disease. It also serves as an astyptio. 

Elaic acid see “Oleic acid**. 

Electric lighting see the articles Nernst lamps, Osmium lamps, Tantalum 
LAMPS, Zirconium lamps. Mercury vapour lamps, Molybdenum lamps 
and Tungsten lamps. 

Electrical units. 

1. Current strength or current intensity. Unit is the ampere (amp.). 

The unit of the electric current strength is defined as the unalterable electric 

current, which, in passing through an aqueous solution of silver nitrate, 
deposits 0.001118 grm Ag in one second. This unit is the ampere. 

2. Resistance. Unit is the ohm (0). 

This unit of measurement is the resistance offered to the electric current 
by a column of mercury, one sq. millimetre in section, and 106.3 cm long, 
at 0® C., the mass of the same being 14.4621. This unit of resistance is the ohm. 

3. Electromotive force. Unit is the volt (V). 

The unit of electromotive force is that force which produces a current of 
one ampere in a conductor with a resistance of one ohm. The unit is called 
the volt. 

4. Unit of quantity is the coulomb (coul.). 

The unit of quantity is defined as the amount of current which passes in 
one second, through a conductor having a resistance of 1 ohm, acting through 
a difference of potential of 1 volt; or the amount produced by 1 ampere in 
1 second. This amount of electricity is the coulomb. 

5. Power. Unit is the watt (W). 

This unit is defined as the work done in one second by a current of one 
ampere acting through a difference of potential of 1 volt. This power is the watt. 

The above mentioned electric units may be reduced to the absolute measurement 
system “the C. G. S. system”. In practice the Siemens unit of resistance 
is often taken for measuring resistances. It is the resistance of a column of 
mercury of section 1 sqmm and 1 m length, at 0°. 

1 ohm = 1.06 S. units. 1 S. U. = 0.944 ohms. 

In measuring the difference of potential the EMF. of a Daniell’s cell (D) 
is often taken as the standard. 

1 volt = 0.90 D; ID = 1.12 volt. 

The amount of electricity which flows through a circuit, the current strength 
being 1 amp., in one hour is called the ampere hour. It ‘s therefore 3600 cou- 
lombs. 

Compare also the article “Electrochemical signs**. 

Electric boiling apparatus has in recent years been very much used in 
laboratories on account of its great convenience and cleanliness. The results 
are very satisfactory. When it is considered that an ordinary fire hardly 
yields 7 % of the total heating value of the coal, it becomes apparent that 
the electric boiling apparatus can under certain conditions compete with the 
ocal fire even with regard to cost. 

Bluoher. 16 
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The principle of most of the electric boiling apparatus is as follows. The 
part of the vessel to be heated carries a band of metal which has burned 
on to it, an insulating layer of enamel. As the enamel layer forms the outside 
of the vessel very little heat is lost, especially as a second exterior vessel is 
provided, forming an air-jacket which prevents loss of heat by radiation. 
Other constructions make use of heating wires of nickel or nickel alloys. 
To prevent oxidation the wires are surrounded by an enamel mass, or glass 
beads are placed on them with the same object. In other cases platinum 
wires are wound on to a thread of asbestos and then embedded in clay. Different 
degrees of heat are obtained by arranging several heating systems parallel to 
one another. 

In the widely used electric boiling apparatus “Prometheus", metals in wide 
st^s are fused into an isolating layer of enamel or mica. 

The Allgemeine Elektrizitatsgesellschaft in their boiling and heating 
apparatus use heating materials* which are prepared in four different forms — 
according as higher or lower temperatures are required. In the first system 
the heatmg wires are embedded m enamel. Those heating materials are only 
for comparatively low temperatures — to about 100*^0. In the second class 
of apparatus the heating wires are laid in symmetrical order in fire proof 
insulating materials on the sides. In these two systems heating materials of 
ordinary resistance wires are contained, while in the third class only wires of 
precious metals are used, which are fastened by means of an adhesive mass 
to a metal frame. In the fourth class the electric arc is used as a source of heat. 

The electric boiling and heating apparatus of the Kryptol Company is based 
upon an entirely new principle. Heating wires or bands &c., which are con- 
nected rigidly with the boiling vessel, are not used, but instead, a loosely - 
lying granulated resistance mass. This resistance mass is a mixture of graphite, 
carborundum and clay, and is known under the name of “Kryptol". (Patents 
either obtained everywhere, or applied for.) The kryptol is strewed loosely 
on a non-conducting surface so that a passage for the current is formed 
between the two poles. The granulated structure of the kryptol causes the 
current to meet resistance on passing through the mass, and so great heat 
is developed. It is also advantageous because the loose layer of kryptol 
adapts itself to the sh^e of the vessels placed on it (the vessels must of course 
be non-conductors). The simplest form is arranged in such a way that the 
under layer consists of a fireclay or enamelled iron plate on either side of which, 
right and left, an electrode of gas carbon is placed. The space between both 
electrodes is filled with a loose layer of dry kryptol strewed over the plate. 
When the current is turned on the kryptol begins to glow wdthin a few minutes, 
and develops such heat that temperatures up to 2500® may be obtained. 
The heat can be regulated to any extent not only by altering the strength of 
the current, but also by varying the thickness of the layer of kryptol, by 
altering the distance between the electrodes, &c. &c. 

Electric carbons. The different kinds of charcoal intended for the manufac- 
ture of electric carbons are reduced to the necessary fineness, mixed with 
a binding material so as to bring the mass into the required form, and then 
strongly neated in the absence oi air. In this way carbons of varying density 
and porosity can be prepared. The temperature in the furnace must be so 
adjusted that the entire mass is “coked". For the raw materials the different 
kinds of charcoal must be in as pure a state as possible. Part of the gas only 
is removed. Among other suitable materials may be mentioned the gas carbon 
from the retorts of gas-works, coke of different origin, anthracite, coal that 
has been well heated, soot, different kinds of graphite, charcoal, &c. &c. The 
essential condition is that the materials must be pure, and as free as possible 
from ash. For many purposes the retort carbon — gas carbon — is most 
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suitable, but the price is too high to allow of its being used alone. It is there- 
fore crushed, mixed with cheaper sorts of charcoal, and then powdered 
graphite is added to increase the conductivity. The so-called “effect carbon” 
contains in addition calcium, silicon, and magnesium compounds. — 20 to 25 % 
of such substances are usually added to the retort charcoal; calcium fluoride 
is the material most commonly used. 

With regard to the carbons for electrolysis, the chief raw material is wood 
charcoal because this is very resistant to the action of acids; anthracite, 
smelting coal, tar graphite, oils, tar and other organic substances are also used. 

If specially porous electric carbon is required then wood powder or salts 
(e. g. sal-ammoniac) are added to the mass. The formation of coke or the 
development of gas causes the mass to be porous. 

Electrical conductivity. 


Electrical conductivity of the metals (taking mercury at 0°C. 
as standard — 1). 


Aluminium 

Antimony 
Arsonic . . . 


Bismuth . 
Calcium . . 
Cadmium 
Cobalt . . 
Copper . . 


Oold, hard 
“ soft 
Indium . , . 

Iron 


Temp. 

Cent. 

Con- 

ductivity. 


0® 

31.726 

Lead 

100® 

16.16 

Lithium 

18.7® 

2.413 


0® 

2.679 


100® 

1.873 

Nickel " 

0® 

0.8002 


16.8® 

12.46 


0® 

0® 

0® 

13.96 

9.685 

46.74 

Potassium 

Silver 

18® 

53.87 

Sodium 

100® 

33.82 

Steel, heated 

0® 

43.84 

“ Puddle 

0® 

44.62 

“ Bessemer 

0® 

11.23 

Strontium 

( 8.3401 

Thallium 

0® 

\ 7.861 

Tin 

[ 9.686 


100® 

6.803 

Zinc 


Temp. 

Cent. 

Con- 

ductivity. 



4.99 

20® 

10.69 

17® 

14.33 

0® 

1 

0® 

7.374 

17.2® 

0® 

7.11 

1 5.615 
( 8.267 

20® 

10.69 

0® 

66.262 

20® 

14.06 

0® 

8.704 

15® 

6.803 

16® 

4.060 

20® 

3.774 

0® 

5.225 

0® 

9.346 

100® 

6.624 

0® 

16.92 


Electrical conductivity of some non-metals (taking silver as 
standard = 100). 



Temp. 

Cent. 

Con- 

ductivity. 


Temp. 

Cent. 

Con- 

ductivity. 

Carbon : 



Phosphorus : 



a) Ceylon-graphite 

22® 

0.0693 

amorphous 

20® 

0.00000123 

b) purified-Germ. 

22® 

0.00395 

Tellurium 

19® 

0.000777 


') From V. BUCHKA, “Phyaikalisch-chemische Tabellen der anorganiachen Chemie” . 
Stuttgart 1806. 


16 * 
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Electric conductivity of solutions (taking Hg as standard =10° 
at 180 0,). 

K ss cp — where K &= conductivity; p =s amount of substance in unit mass] 
of the solution; and c and c' = two constants (KOHLKAUSCH). 


Substance 

c 

0.00000 

0.000000 

Substance 

c 

0.00000 

cl 

0.000000 

HCl 

887 

297 

Ba{OH)j 

196 

066 

LiOH 

611 

327 

NHjCl ’ 

177 

on 

hno, 

634 

101 

LijCO, 

176 

708 

NaOH 

446 

163 

H2C,04 

167 

089 

HjSO* 1 

416 


KHSO 4 

166 

021 

HRr 

.383 


KCN 

166 

012 




LiCl 

160 

046 

HI 

260 

- 

MgCl, 

160 

046 


Substance 


NaCl .... 
CaCl, ... 

KCl 

KF 

NH.NO, . 
(NHJ.SO, 
K,CO, .. 
Na,CO, . . 
SrCl, .... 
K,C,0. . . 
Li^SO* .. 
Mg{NO,), 
KNO, . . . 
K^SO, .. 
NaNO, . . 
Na^SO* . . 
KBr .... 


c 

0.00000 

cl 

0.000000 

Substance 

c 

0.00000 

cl 

0.000000 

138 

025 

Ca(NO,), 

087 

021 

134 

027 

BaCl, 

077 

008 

131 

004 

KHCO, 

076 

010 

131 

018 

KCjH.Oj 

071 

013 

116 

012 

NH4I 

070 

— 030 

112 

017 

KCIO, 

069 

— 

113 

016 

NaCaH.Oa 

067 

023 

103 

037 

H,P04 

064 

— on 

098 

016 

KI 

063 

001 

097 

on 

MgSO, 

060 

021 

093 

036 

Nal 

067 

003 

092 

020 

Lil 

067 

003 

092 

013 

H2KPO4 

062 

014 

091 

010 

AgNO, 

051 

007 

090 

017 

K*A1, (804)4 

047 

— 

089 

024 

ZnSO* 

042 

012* 

087 

006 

CuSO, 

041 

on 


Electrical measuring instruments. 

A voltmeter is used for measuring the difference of potential, an ampere- 
meter for measuring the strength of the current, and a wattmeter for measuring 
the work performed. F or permanent technical plants switch -board instruments 
are necessary, whereas, m the chemical laboratory, portable measuring in- 
struments are usually chosen. In the latter case electrostatic voltmeters and 
galvanometers of different kinds, and resistances are used, 

Electrochemistry (Electrolysis). The electric current is used in chemical 
industry for the preparation of various elements and compounds and also in 
analytical processes. 

In electrochemistry either the electrolytical power of the current or the 
heating effect (Joule effect) is made use of. 

With regard to the conduction of the current, we may distin^sh conductors 
of the first and second order, of which the first are only heated and the second 
chemically altered (electrolysed) when the current is passed. The conductors 
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of the second order are termed Electrolytes and the constituent parts of 
the electrolyte Ions. 

As an example of an electrochemical process in aqueous solution we may 
mention the eleotrolytical processes for obtaining copper by the Siemens* 
Halskb and by the Hoepfnbe methods. An electrochemical process where 
the electrolytic power of the current and the Joule heat effect are made use 
of simultaneously, is Hbroult’s process for obtaining aluminium. (Comp, 
article on Aluminium.) 

Other electrochemical processes are mentioned in the articles, “Blbaohino**, 
“Chlorine*', “Chlorine -alkali process, eleotrolytical", “Carbides", 
“Magnesium", “Sodium", “Ozone**, “Phosphorus", “Oxygen", “Sili- 
ciDEs", “Persulphuric ACID**, “WATER PURIFICATION** &c. &c. The prospects 
of obtaining organic compounds by electrolytic methods are very favourable. 
This has already been carried out in many cases, e. g. chloral, chloroform, 
iodoform, naphthazarin, saccharine, prussian blue, aniline black, alizarin, 
and other tar dyes are obtained electrolytically. 

Compare also the article “Electrochemical apparatus" and “Electro- 
chemical SIGNS,,. 

Electrochemical apparatus. In special articles see “Accumulators’*, 
“Diaphragms", “Electric carbon", “Electric measuring instruments", 

tELECTRODBS", “ELEMENTS, GALVANIC**. 

Electro-ohemical apparatus: 

Cannings. Great Hampton St., Birmingham. 

Electrochemical signs. At the International Congress of Applied 
Chemistry, Berlin 1903, the following letters were agreed upon for denoting 
the electrochemical measuring units. 

1. Variable. 

ordinary and osmotic pressure, 
volume. 

absolute temperature. 

Celsius temperature, 
time, 
density. 

vapour density, compared with air. 
critical magnitudes (pressure, volume, temperature), 
reduced state of magnitudes (pressure, volume, temperature), 
amount of heat, 
internal energy, 
atomic weight (0 = 16). 
molecular weight (Oj = 32). 
specific heat. 

“ “at constant pressure or volume, 
molecular heats at constant pressure or volume, 
coefficient of refraction. 

conductivity in reciprocal ohms per cm-cube. 
concentration (grm equivalents per ccm). 

equivalent conductivity. 

equivalent conductivity at infinite dilution, 
degree of dissociation. 

constants of equilibrium of law of chemical mass of action, 
difference of potential, 
resistance. 


P» I* 

V 

T 

9 

t 

(f 

J 

^ot Tof ^0 
TT, y, ^ 

Q 

U 

a 

M 


Cp, Cv 

Cp “ Cp Ml 
Cy ~ Cy MJ 
N 

X 

V 

n 

jioo 


E 

W 
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Electro-deposition. 


I intensity or strength of current. 

( single potential, difference of potential of decomposition. 

* 1 , potential against a normal hydrogen electrode, 
potential against a normal calomel electrode. 

2. Constants. 

R Gas constants per 1 mol. 

A mechanical equivalent of heat 41.98 x 10* erg 15® — grm — cal. 

F charge of valency (96640 coulombs per grm — equivalent). 

3. Abbreviations in the text. 

2n. H| SO| Ac. for twice normal sulphuric acid, &c. 

H‘, Cr, Ba** &c. for single (positively) charged H-ion, singly negatively charged 
Cl-ion, doubly positively charged Ba-ion, &c. 

Electro-deposition (Electro-plating). The production of firmly adhering 
metallic deposits by electrolytical methods. The material to be plated is 
hung up at the catnode, while the anode consists of a sheet of the metal to 
be deposited. The electrolyte is generally a solution of the cyanide of the 
metal in a solution of potassium cyanide. For details see the articles on 
“Gold plating'', “Copper plating", “Brass plating", “Nickel plating", 
“Platinum platinq", “Silver plating", and “Steel plattno". 

In electro-plating the most important detail to be observed is the pre- 
paration of an absolutely clean metallic surface on the articles to be plated. 
Therefore a mechanical cleaning by brushing and scraping, and a chemical 
cleaning by “dipping" (q. v.) has to be carried out before the objects are placed 
in the electrolyte. Finally follows a treatment intended to remove all grease — 
rinsing in benzene or petroleum ether, or boiling in a solution of caustic soda 
or soda; different metals require different treatment. 

It has been shown by many investigations that smooth coherent deposits 
may be obtained by adding to the bath various organic colloids, e. g. albumen, 
gelatine, gum, starch, &c. Many patents have been granted for tms purpose, 
particularly in the case of copper electroplating. 

Recently preparations for electroplating have been introduced which are 
ad^ted for cyanide baths. These are the so-called Triple salts or Trisalytes. 

They are composed of the cyanide of the metal to be deposited, KCN and 
K2SO3, are chemically pure, of constant composition, and are well adapted 
for the processes of metallic colouring. The most important commercially 
are : — 

Copper trisalyte (20%Cu), Zinc trisalyte (16%Zn), Silver trisalyto 
(30 % Ag), and Gold trisalyte (40 % Au), Bronze and brass baths can also be 
obtained by suitable combinations. 

Electrodes. Electric carbons are treated in a special article. A few of the 
newer processes for manufacturing electrodes may be mentioned here. 

The Germ. Pat. 167122 aims at the preparation of electrodes of iron oxide. 
The process is based on the well known fact that ordinary non-magnetio iron 
oxide becomes mametic at the temperature of fusion. According to this 
paten^ the residue from the roasting of pyrites, just as it is, after being freed 
from Cu, is melted in the electric furnace, and then poured into suitable 
moulds. Such electrodes are considerably cheaper than those of good magnetic 
iron ore, and possess a conductivity which is 6.6 times as great as that of the 
latter. They are also very pure as the impurities are almost completely 
volatilized in the electric furnace, and are therefore very suitable for the 
chlorine-alkali electrolysis, and give a much lower difference of potential than 
platinum electrodes. 

According to the Swedish Pat. 18742 (1903) active electrodes may be 
prepared from iron oxide by heating iron plates in the presence of air to a 
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white heat, and then dippii^ them into cold water, by which means the layers 
of iron oxide which contain carbon break off. This broken mass is dried, 
powdered, mixed with lead ore and graphite, and finally worked with HgO 
into a paste, from which the electrodes are formed. 

The Swedish Pat. 19682 (1903) of the same inventor states that oxides 
which are bad conductors may be rubbed together with graphite, and the 
electrodes formed from this mass. 

According to the Germ. Pat. 163125, a hard porous electrode-mass, in- 
soluble in alkalies, may be made from copper oxide by mixing CuO with a 
solution of CuClg ^ thick paste, to which fine copper filings are added. 
The paste is then heated for half an hour to 100®, the water is 
volatilized and a solid spongy mass of metallic oxide is left. Such electrodes 
are said to possess different advantages; they are intended to be used as 
primary and secondary elements. 

Electrolysis see “Electrochemistry". 

Electromagnetic ore separator see “Smelting". 

Electrometallurgy see ^Electrochemistry^'. 

Electroplating see “Plating" and „Electro -deposition “. 

Elementary analysis. After M. Dennstbdt had published (Chem.- 
Ztg., Repert. 1897, 179) a simplified process for elementary analysis, 
in which no combustion fumaoe was needed, by which C, H, N, S 
and the halogens could be determined in one operation, he has improved his 
method (Zeitschr. f. anal. Chem. 1902, 525 and Chera.-Ztg. 1902, Repert. 324) 
in the following manner : For combustion in a stream of 0 platinized quartz 
is used as a contact substance instead of platinum sponge. The former is 
prepared by heating pieces of quartz (as big as the fist) to a bright red heat 
and then cooling them in cold water. The quartz thus prepared is broken 
into pieces as large as peas and laid in a 10 % PtCl 4 solution, heated a short 
time on the water-bath and then evaporated to dryness. The decomposition 
of the PtCl 4 is brought about by heating the impregnated quartz pieces with 
the blowpipe. The platinized quartz thus obtained, on being heated with a 
bunsen burner, should continue to glow again in the escaping gas after the 
flame has been extinguished. 6 — 8 cm of the combustion tube are filled 
with this prepared quartz ; and also 3 cm of the tube, near the end at which 
the oxygen enters, are filled with pieces of pure quartz. Although, according 
to the first account of Dennstbdt, the halogens may be held back by molecular 
silver, the latter is now only used when I is present, while in presence of Cl 
and Br pure PbOg suffices for the complete absorption of these halogens as 
well as for retaining S and N. An important source of error in the estimation 
of H is the rubber tubing used for connecting the drying towers with vessels 
containing the air and 0, on account of the formation of HgO. It is therefore 
recommended to set another CaClg tube, which leads directly into the com- 
bustion tube, behind the drying towers. Further the rubber corks give off 
moisture and should therefore be dried before using for the first time. Tho 
cork in the fore part of the tube should always be placed in a dessicator after 
the combustion. The saving by using this method may be judged by seeing 
that with one glass tube 30 — 40 N determinations (or even as many as 120 
other elementary analyses) can be carried out. 

Recently Dennstbdt has modified his process so that it becomes 
useful as a very quick method. We cannot however enter here into, 
details but must refer our readers to the original articles of Dennstbdt in 
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the Chem.-Ztg. 1906, 62. A further account of the method is given in Chem.- 
Ztg. 1906, Rep. 390. 

It may be mentioned that, according to E. Lippmann (Vienna), copper 
oxide asbestos is in every respect superior to the platinum quartz in carrying 
out the Dennstedt elementary analyses. The method is thus rendered 
simpler and cheaper, without losing any of its exactness. 

Electrotype processes. An electrolytical precipitation of metals in a dense 
coherent form so as to obtain casts which can be removed from the moulds; 
electrotype processes must not be confused with Electrodeposition (q. v.). 
The metal is always deposited at the negative electrode (cathode), while the 
same amount of metal is dissolved at the positive electrode (anode). 

For electrotype reproductions copper is almost always used since other 
metals are not uniformly deposited on objects made to conduct by means of 
graphite. When electrotype reproductions in other metals are required a thin 
coating of copper is first given to the mould after treatment with graphite, 
or a silver film is deposited by purely chemical means and the model then 
placed in the electrotyping solution. 

The moulds are made of guttapercha, plaster of Paris, wax or glue. One of 
the most used recipes for wax moulds is 900 parts yellow wax, 135 parts 
Venetian turpentine and 22.5 parts finest graphite powder. For glue moulds 
which can be taken from casts with fairly deep hollows and narrow openings 
without injuring the cast a solution of 30 parts best glue in 60 parts H 2 O and 
15 parts glycerine is recommended. After solidifying the glue matrix is dipped 
into a tannin solution (1:10) so as to convert the outer portions into insoluble 
tannate of glue. Easily fusible alloys are also used for making moulds. 

With the last exception (metallic forms) the surface of the matrix has to 
be made electrically conducting. Fine washed graphite is generally used for 
this purpose; it is mixed into a paste with methylated spirits and applied 
with a brush ; after drying soft brushes are used to produce a smooth polished 
surface. — When a conducting silver film is required on the matrix, the 
chemical method is adopted. An alcoholic solution of silver nitrate is applied 
with a brush and HgS allowed to act up on it. The resulting silver sulphide 
is a fairly good conductor. Metallic silver is produced by brushing with a 
mixture of albumen and common salt and then dipping into a solution of 
silver nitrate; the silver chloride is reduced by dipping into ferrous sulphate 
solution. Good results are obtained by treating with silver nitrate andlyellow 
phosphorus ; the process is, however, dangerous as the solution of 
silver nitrate in carbon bisulphide is highly inflammable. The safest method 
is to dip the articles into a 6 % solution of silver nitrate and then into the 
phosphorus solution proposed by Stein ach and Buchner: — 6 g wax, 
dissolved in 5 g warm turpentine oil, are added to a mixture of 6 g phos- 
phorus, 1 g guttapercha, 5 g asphalt and 120 g carbon bisulphide; after 
solution has taken place 4 g collodion wool dissolved in 60 g alcohol and 60 g 
ether are added, the whole well shaken and the clear liquid separated from 
the sediment after standing for a day. 

Frequently a dry treatment will suffice. The surface is painted with rapidly 
drying varnish, and brass powder is sprinkled over the moist varnish; when 
the latter is dry the surface is made smooth with a soft brush dipped into brass 
powder. 

The vats employed are generally of stone ware, but enamelled cast-iron and 
lead-lined wooaen vessels may also be used. The anodes must be of the purest 
electrolytical copper and the area should be at least equal to the total area 
of the moulds. 

In order to ensure uniformly thick deposition differences of concentration 
in the liquid must be avoided; with this object stirring contrivances are 
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provided or air is blown through the vats. All articles before being hung in 
the liquid must be rinsed with alcohol and then with water so that the solution 
touch uniformly at all points. 

The composition of the electrolyte varies greatly; solutions of copper sulphate 
are generally used which contain 1 . 6 — 2 parts by volume of concentrated 
H 2 SO 4 to 100 of water. For copper printing plates Langbein recommends a 
20 % solution of CUSO 4 with 3 % H 2 SO 4 ; current 1.3 amperes. 

Elemi. Mixture of different resins derived from the Burseraceae. It occurs 
as a whitish or dark yellow soft balsamy mass which is used principally to 
prevent varnishes from becoming brittle. It is also used as a fumigating agent, 
more rarely for the preparation of ointments and plasters. There are several 
different kinds of elemi of which however the Manilla Elemi is the most 
common commercial article. Besides this the Brazilian and West Indian 
(Yucatan) varieties may be mentioned. 

Elevators: 

W. Stamm, 26 College Hill, London E.C., Sole agent for Friedr. Krupp A.-G. Orasonwerk 

Magdeburg'Buokau, Germany. 

Max Friedrich & Co., Leipzig* Plagwitz 17. 

Ellagic acid see Gallogbnb. 

Emanosal. A preparation containing radium added to baths in order to 
give them a certain proportion of radium emanation, and so to imitate 
the curative effect of the natural waters. It is used in cases of baths for rheu- 
matism, gout, &c. 

Emetine. Alkaloid of the ipecacuanha root (Radix Ipecacmnhae)^ the 
root of the Uraroga Ipecacuanha (Gephadis Ipehacuanha), a Brazilian 
plant. 

It is an almost colourless alkaloid which turns yellow on long exposure to 
light, readily soluble in alcohol, chloroform, ether, and benzene, not so readily 
soluble in boiling petroleum-ether and in water. 

M. P. 68 ®, formula Ci 5 H 22 N 02 (C 3 (,H 4 oN 205 ). It is considered to be one of 
the best emetics known. 

Empyroform. A condensation-product of birch tar and formaldehyde. 

It forms a greyish-brown, fine, almost odourless powder, insoluble in water, 
soluble in alcohol, ether, acetone, and chloroform. 

It is a tar preparation highly valued in medicine. Used externally in the 
treatment of skin diseases, especially of eczema. In this case it is used as a 
powder, in the form of ointment or as a paste, to some extent also in the form 
of tinctures, or as soap (empyroform soaps). 

Eraser salt, artificial. 90 parts NaCl, 220 parts NaHCOj, 2 parts sodium 
sulphate dry, and 4 parts potassium sulphate. 

0.8 grm salt are to be taken in one drinking-glass (200 cc) of spring water. 

Emulgen. This is the name under which is brought into commerce a Jelly-like 
mass of acidYeaction which is used for the quick emulsification of oils, resins, &o. 

According to the analyses made by Aufeeoht the composition is approxi- 
mately the following, 10 tragacanth, 6 gum arabic, 6 pittosporad, 20 glycerine, 
10 alcohol, 60 water. 

Emulsions, Apparatus for making, according toFBAiPONT (D. R. G. M. 166793). 

Lifting apparatus constructed on the prmciple of communicating tubes, 
^rom the bottom of the reservoir a tube passes downwards and is then 
^gain bent upwards, so that it has the shape of a U-tube. The free arm of 
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this system ends much higher than the level of the reservoir — in fact it 
reaches as high as the level to which the liquid is to be raised. The real emul- 
sifier is set in just at the point where the U-tube leading from the reservoir 
turns upwards. It consists of a piece of tubing with very fine channels bored 
upwards in a slanting direction from the exterior towards the interior, — 
three rows of holes being usually provided. The perforated piece of tubing 
is surrounded by casing which is screwed on to a pipe connected with the 
compressed air supply. When the compressed air is forced through the 
channels into the liquid contained in the U-tube, the column of liquid 
contained in this free arm of the tube becomes lighter than the corresponding 
column of liquid in the arm of the tube leading from the emulsifier. According 
to the law of the communicating tubes, the column of liquid of the free arm 
is forced to rise above the level of the column of liquid in the other arm. By 
a suitable choice in the arrangement of the U-tube and of the emulsifier, 
liquids may be raised to considerable heights, e. g. 10 metres. 

The emulsifier only measures 20 cm in diameter and 35 cm high, and is thus 
very light and easy to manipulate. 

Enamel. By glazes or enamels are meant glazes which are used for coating 
metals. The enamel must have a very low melting point so that the metals 
may not oxidize when the glaze is melted on to them. 

With regard to the uses of enamel a distinction is made between glazes which 
are only for ornamenting metals and such as are used to protect the metal 
from external influences. Ornamental enamel is used especially for beautifying 
precious stones; on the other hand cast and wrought iron utensils are preferably 
coated with a protective enamel. They are first brushed, then dipped in dilute 
H 2 SO 4 , freed from rust by brushing again, then quickly dried and coated with 
a layer of india-rubber. The finely powdered dry glaze is dusted on to the 
moist layer of rubber and then fus^. 

Enamel is a glass, the low melting point of which is attained either by the 
addition of oxides of lead or boric acid (the latter especially for iron wares). 

Non-transparent glazes are most commonly used: Enamels may be rendered 
opaque by the addition of calcium phosphate (bone ashes), oxide of tin, 
antimony oxide or arsenic. 

It is very difficult to obtain enamel of exactly the same coefficient of 
expansion as the utensils to be coated, so that when change of temperature 
occurs the glaze becomes cracked. In order to avoid this two or three layers 
of enamel are usually burnt one on top of the other. Coloured enamels are 
obtained by the addition of suitable metallic oxides. 

Enamel Pigments: 

Johnson, Mathey & Co. Ld., Hatton Garden, London E.C. (see advt.). 


Enesol. The mercury salt of arsenic salicylic acid, obtained by treating 
an equivalent amount of methyl arsenic acid with basic mercury salicylate. 

It forms a white amorphous powder which is soluble to the extent of 4 % 
in water. It contains 38.46 % Hg and 14.4 % As. On account of its strong 
tonic action on the central nervous system it is said to find employment in 
medicine. 

Enllenrageu A process for obtaining perfumes, which consists in spreading 
out the flowers between thin layers of cold fat poured out on glass plates 
and replacing the flowers daily with fresh ones; after about a month the fat 
is saturated with the perfume. 

For further information see the article on “Pbrfumbby'*. 
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English red. Reddish brown, red to red-violet paint, which is made either 
from the naturally occuring blood stone (haematite), or of ochre or bolus, 
in which case it is impure like all mineral colours, or from the artificially manu- 
factured ferric oxide. Compare also No. 3 in the article on iron colours. 

English sulphuric acid see “Sulphuric acid**. 

English yellow see “Lead paints*’. 

Enzyme see Ferments. 

Ephedrin. CjoHigNO. An alkaloid occuring in Ephedra vulgaris. Sepa- 
rated from the alcoholic extract of the drug by treatment with ether after the 
addition of an alkali. It is a strong poison and is used as a mydriatic. A similar 
alkaloid, Psbudoephbdrin CioHjsNO is also known. 

Epicarin. A new substance used in medicine. According to its constitution 
it is /5-oxy-naphthyl- o-oxy-m-toluic acid 


COOH 


c.h/oh 


. 0 . CjoH,. 


Epicarin is a pale yellow powder which gradually turns red in the air, 
and 18 sparingly soluble in hot water, glacial acetic acid, benzene, and chloro- 
form; readily soluble in alcohol, ether and acetone. 


Epicarin is considered as a non-poisonous naphthol preparation; it is a strong 
poison for skin parasites, on the other hand non-poisonous for warm blooded 
creatures. 

It is prescribed in medicine internally as a non-irritating strongly acting 
antiseptic. It is however principally used externally for parasitic skin diseases 
such as itch, herpes &c. &c. It is also used in veterinary practice as a remedy 
for mange in dogs. 

The most usual form for external treatment is the 10 % ointment. 

Epichlorhydrin. CIH-C . CH . CHj. It is formed when dichlorhydrin is 

h^ted with about half its weight of powdered NaOH at a temperature below 

It is a colourless mobile liquid with a smell resembling that of chloroform. 
S. G. (at 15°) 1.191. B. P. 117°. It is used technically to an increasing extent 
as it is an excellent solvent for hard resins, nitrocellulose &c. &c. It is also not 
readily inflammable at the ordinary temperature of working. 

Epidermin. Ointment made from white wax, water, gum arabic and glycerine. 

The term epidermin is also given to a mixture of fluorpseudocumene and 
difluordiphenyl in the form of ointment which is used externally for bums, 
herpes, ulcers &c. 

Epinephrine. C^HioOgN. A constituent of the suprarenal gland. According to 
JowETT it has the following constitution. 
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OH 


in, . NH . CH3. 

Epirenan. Solution of the active substance of the suprarenal gland. 

This substance appears to be almost identical with adrenaline. 

Epsom salts (Magnesium sulphate) see “Magnesium compounds*'. 

Eradite see “Hydrosulphitbs". 

Erbium and erbium compounds, Er. Atomic wt. = 166. Different compounds 
of this rare metal which forms a grey powder are used occasionally in the 
incandescent-gas-light industry. 

Ergine. A trade name for liquid hydrocarbons (homologues of benzene) 
obtained by the dry distillation of black- and brown-coal tar oils, said to be 
used for driving internal combustion engines. 

Ergon carbon. A special kind of carbon for arc -light purposes. The light 
emitted is rich in the ultra-violet rays and is used in various “light cure“ 
processes. It bums away slowly, is completely free from ash and evolves no 
poisonous gases. 

Ergon: 

Dr. C. L. Marquart, chem. Fabrik Beuel a. Rhein (Germany). 

Erlanger blue see “Iron colours'*. 

Eschel see “Cobalt colours". 

Eserin see “Physostigmin". 

' Eserin oil. Solution of 0.2 grm of physostigmin salicylate, which has been 
dried at 100® C., in 40 grms of olive oil. The solution is brought about by 
heating the mixture to 160 — 168®. 

The eserin oil is said to find employment in the treatment of diseases of 
the eye. 

Essences. Under this name solutions of volatile oils in alcohol, alcoholic 
extracts of aromatic plant tissues and alcoholic distillates, are sold. 

Essences are used to a very great extent, especially in the manufacture of 
liqueurs. 

Raspberry fruit essence: 

Dr.^mst Kumpfy Villaoh (K^nten), Austria. 

Essential oils see “Oils". 

Esters (Aoidic^bthbrs), They are formed by the combination of alcoh^s 
with acids. For example CH, . C6 . OH + C2H5 . OH = CHj . CO, . CHj . CHs 
H“ HjO. 
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Esters may be prepar^ either by distilling the mixture of the acid (or one 
of its salts) with alcohol and HjSOi or by dissolving the acid (or the salt) 
in excess of alcohol and passing in hydrochloric acid gas, at the same time 
heating gently; after this the ester which has been formed is precipitated with 
water. Esters are also formed by many other methods as for example by the 
action of acid chlorides or acid anhydrides on the alcohol. A newly patented 
process for preparing esters is mentioned in the article on ethers. 

Ethyl NiTRiTB see under “Ethyl compounds**; Formic ester under Formic 
acid**; other important esters are given in the article “Fruit essences**- 
Acetic ether, (Ethyl acetate), and Acbtoacetic ester are treated of in 
separate articles. 

Estoral* A menthol ester of bone acid. It is a white powder used as a snuff* 

Etemite slates* A slate-like mass which is made from Portland cement and 
asbestos fibres. In the manufacture the raw materials are treated, as in paper 
mills, first in the cylinder of a rag machine, and they are then worked up as a 
pasty mass between two rollers under strong pressure to layers as thin as 
paper. Several of the latter are then united under great pressure to form one 
plate. 

The etemite slates have the same tensile strength and a considerably 
higher elasticity than the natural roofing slates. They also offer greater 
resistance to fire. 

Ethers. A class of organic compounds, which are formed by the combination 
of two molecules of alcohol with loss of a molecule of water. The combination 
may take place either between two molecules of the same alcohol or between 
two different alcohol radicles. 

In the former case the result is a simple ether; in the second it is a mixed 
ether. A simple ether is, for example, methyl ether CHg . 0 . CHg. Methyl- 
ethyl ether CHg . 0 . CgHg is a mixed ether. 

The ethers are totally different from, and must not be confounded with, 
the acid ethers — more properly called “esters** — which are formed by the 
combination of an alcohol and and acid with loss of water; see “Esters'*. 

The most important ether is ethyl ether CgHj . 0 . CgHj, called simply 
“Ether**. It is prepared by heatting a mixture of 9 parts of concentrated 
^2804 (S. G. 1.836) with 6 parts of alcohol of 90 % by volume in a copper 
retort to 140®. It is of great importance that this temperature should be 
maintained. 

The first product formed is ethyl sulphuric acid CjHg . 0 . SO* . OH. This 
combines with a fresh quantity of alcohol forming ethyl ether and regenerating 
the sulphuric acid. If the alcohol be allowed to flow continually into the 
mixture ethyl ether distils over uninterruptedly. 

According to a newer process of Kraft and Ross (German Pat. 69116) 
this and other ethers of the fatty series may be prepared by the action of 
aromatic sulphonic acids on an alcohol of the fatty series. The ether formation 
in this interesting process takes place in two stages. 

CeH, . SOg . OH + CgHg . OH = CgHg . SOg . OCgH, -f HgO. 

Benzene sulphonio acid Ethyl alcohol 

C,H, . SO, . 0 . CjH, + C,H, . OH = C,H, . SO, . OH + C,H, . 0 . C,H, 

Ethyl ether. 

By this reaction, which can be most advantageously carried out at a tem- 
perature exceeding 100® C., the sulphonic acid is regenerated and can be 
continually used again. 

The method of preparing ether according to J. W. Harris (Amer. Pat. 
711666) seems destmed to become important. In this process the starting 
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E oint is acetylene which is converted by the action of electrolytically produced 
ydrogen into ethylene. The latter reacts with sulphuric acid forming ethyl- 
sulphuric acid, and this in turn is decomposed by water with the formation 
of ether. 

The crude ether thus obtained contains many different impurities. It is 
first washed with milk of lime and then with water and afterwards rectified 
over calcium chloride. If ether of the highest purity is required it is submitted 
to another rectification over metallic sodium wire. The ethyl ether was for- 
merly (according to the older method) manufactured with the help of sulphuric 
acid, and on this account is still known in commerce under the name “Sul- 
phuric ether"’ — a term which naturally gives rise to many mistakes seeing 
that it contains no sulphur. 

Pure ether is a colourless very mobile liquid with a refreshing smell : S. G. 
(at 16° C.) 0,718; B. P. 34.9° It solidifies at a temperature of — 129° C. 
to a crystalline mass which melts again at — 117.4°. The vapour of ether is 
heavier than air. On account of its very low ignition point ether is extremely 
inflammable. Water dissolves 9 % ether, and ether approx. 2 % water. 
It is miscible with concentrated hydrochloric acid, mien inhaled it 
produces anaesthesia. 

Ether is used in medicine. It is largely employed for industrial purposes 
as a solvent seeing that it readily dissolves many organic and inorganic com- 
pounds. It is most extensively used for dissolving nitrocellulose, that is, for 
the manufacture of collodion. 

Three different classes of ether are sold: — 1. S. G. 0,726, 2. S. G. 0.722, 
3. S. G. 0,720 — while absolutely pure ether (free from water and alcohol) 
has a S. G. 0.718. 

Test. According to the purity the S. G. of ether varies between 0.718 
and 0.725. Ether of S. G. 0.725 still contains water or alcohol ; on the other hand 
a S. G. of 0.718 — 0.720 offers a certain guarantee of its purity. The presence of 
acids maybe shown by shaking 20ccm ether with5 cem water; the latter after- 
wards must show no acid reaction. To test for hydrogen peroxide and ozone, 
10 cem ether are shaken with 1 cem of potassium iodide solution in a perfectly 
stoppered bottle. After standing for an hour in the dark the mixture must 
show no colouration. The presence of water may be ascertained by shaking 
ether with anhydrous CuSO^, If the latter turn either green or blue then 
HjO is present. Another test is to throw a piece of freshly cut metallic sodium 
Na into the ether : If water is present the metal on standing gradually 
becomes coated with a yellowisn-white layer of hydroxide. 

Ethe>Distilling and Rectifying apparatus: 

Volkmar Haenig & Comp., Heidenau-Dresden, Germany (see front part advt.). 

Ether-Distillations: 

Friedrich Heokmann, Berlin SO. 16, Bruokenstr. 6b (see advts.). 


Ethyl compounds. 

The most important among those compounds which are directly derived 
from the radicle 0^5 are: — 

1. Ethyl alcohol (Alcohol) q. v. 

2. Ethylaminb. C2H5 i NH,. There are many different methods for 
preparing this compound. Commercially it is prepared according to the 
method of Hoffmann, that is, by allowing ethyl iomde or ethyl bromide to 
act at 100° C. under pressure on alcoholic ammonia. The product of the 
reaction is ethylamine hydriodide (or hydrobromide). When this is heated 
with potash the free amine distils over. 
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According to the Germ. Pat. 143197, ethylamine may be obtained at the 
cathode by the electrolytic reduction of ethylideneiniine CgHisNg. The 
ethylideneimine may be made according to Dblepinb’s process by allow- 
ing aldehyde ammonia to stand for several days over H^S04 in vacuo. The 
ethylideneimine is added to strongly cooled sulphuric acid, then brought into 
the cathode chamber of a well -cooled electrolytic cell and electrolysed at 0® 
using a superficially oxidised lead cathode. The anode is a cylinder of lead 
whicm stands in a porous porcelain diaphragm, and the anode liquid consists 
Qf 40 — 45 % sulphuric acid. An improvement of the last mentioned process 
is aimed at by the Germ. Pat. 148054. 

In order to obtain the amines of the fatty series according to this process, 
either the condensation-products of the aliphatic aldehydes with ammonia 
are electrolysed in ammoniacal or neutral solution, or else the mixture of the 
aldehydes with NHg or NHg salts is submitted to electrolysis. 

For example hexamethylenetetramine may be electrolysed in Na2S04 
solution between lead electrodes, in which case the electrolyte is kept neutral 
by allowing dilute H2SO4 to drop into the mixture; instead of sodium sulphate, 
ammonium sulphute may be used. The resulting mixture of methylamine 
and trimethylamine is distilled and the separation of these two compounds 
carried out in the usual way. 

The French Pat. 334726 also treats of the electrolytic production of ethyl- 
amine. 

Ethylamine is a colourless, very mobile liquid; S. G. (at 8^ C.) 0.696, B. P. 
18®. It is miscible with water in all proportions. It behaves similarly to NHg, 
but is a stronger base, and expels ammonia from its salts. 

3. Ethylanilinb see “Aniline derivatives''. 

4. Ethyl ether see “Ether". 

5. Ethyl bromide CgHgBr. Obtained by the action of bromine and red 
phosphorus on 95 % alcohol. At the end of the reaction the ethyl bromide is 
distilled off, washed with NagCOg solution, and then with water. After drying 
with calcium chloride it is distilled. 

Colourless liquid of pungent taste and ethereal smell. S. G. (at 13® C.) 1.47 ; 
B. P. 38.4® C. It is used in medicine (Ether bromatus) as a narcotic. 

6. Ethyl chloride (Ether chloratus). CgHgCl. Obtained by passing 
hydrochloric acid gas into a solution of ZnClg in alcohol. 

Colourless ethereal liquid; B. P. 12.5® C. (so that at ordinary temperatures 
it is a gas) ; S. G. at 0® C. 0.921. It is miscible with alcohol and only sparingly 
soluble in water; it is used as an anaesthetic. 

7. Ethyl iodide (CoHgl). Prepared similarly to ethyl bromide. Colourless, 
strongly refracting liquid; S. G. (at 0®C.) 0.975; B. P. 72® C. 

8. Ethyl nitrite (Ether nitrosus) • 0 . NO. Obtained by the 

action of H2SO4 and potassium nitrite on alcohol. 

Yellow, mobile liquid of ethereal apple-like penetrating smell. S. G. 
(at 15® C.) 0.947; B. P. 17® C. It is insoluble in water; when ignited it bums 
with a white flame. It is the active constituent of the officinal Spiritus 
Etheris nitrosi. 

Eucaine. By this name are understood derivatives of ^-o^methyl- 
piperidine, that is, compounds which are closely related to tropine and cocaine. 
Usually a distinction is made between eucaines containing carboxyl groups 
and those which have no carboxyl groups; the former possess a structure very 
similar to that of cocaine. , ^ u u j 

a-EucAiNB (alpha-Eucaine; Evminum hydrochhricum A) is the hydro- 
chloride of the methyl ester of benzol-n-methyltetramethyl-;^ oxypiperidine- 
carboxylic acid. Its preparation is protected by the Germ. Pat. 90245. It is 
used as a non-irritating local anaesthetic. 
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^•Euoainb (beta-Eucaine; J^Mcainwm hydrocMoricum B) is the hydrochlorio 
acid salt of the benzoylvinyldiacetonealkamine. Its preparation is protected 
by the Germ. Pat. 97672. Its properties and use are similar to those of the 
a-Eucaine but it is less poisonous than this compound. It is used in large 
quantities in the treatment of the diseases of the eye, in dentistry, and for 
lessening the sensitiveness of wounds, &c. 

Eucalyptol see Cineol. 

Eucasin = caseinammonia. Obtained by passing ammonia gas over finely 
powdered dry casein. 

White or yellowish-white powder which dissolves in warm HgO to a milky 
liquid. It is a very easily digestible, concentrated, strengthening agent for 
chlorotic patients and convalescents; it is also used in stomach and lung troubles. 

Encodin. Under this name codeinbrommethylate is brought into commerce. 
It forms colourless crystals M. P. 261 ®C. 

Eucodin is recommended in doses of 0.2 — 0.4 grms as an agent for pacifying 
irritating coughing, especially in consumptives. V 

Eudermol — Nicotine salicylate CioHjiNa . C^HeOg. It is prepared by 
mixing two separate solutions of 10 parts of anhydrous nicotine and 8.6 parts 
of salicylic acid, when the eudermol is precipitated. It forms colourless crystals, 
soluble in water. M. P. 118®. 

It is applied in the form of 0.1 % ointments to itching surfaces, 

Eudoxin. The bismuth salt of nosophene (q. v.). It forms a reddish-brown 
odourless and tasteless powder, insoluble in HgO. It is used in medicine, 
intemallv as a disinfectant of the alimentary canal, externally as a substitute 
for iodoform for wounds and skin diseases. 


Euferrol. An iron and gelatine preparation. It is sold in the form of capsules 
containing 0.012 grammes of ferrous oxide and 0.00009 g AsgOg. It is prescribed 
in cases of blood diseases, neurosis, chronic skin disease, exhaustion after 
long illness &c,, &c. Because of its arsenic content it is only given under 
medical advice. 


Eugenol. This compound forms 90 % of oil of cloves. It has the constitution 


/CHg . CH ; 

CeHg^OCHg 


CHg (1) 

( 3 ) 

( 4 ) . 


It is prepared from oil of cloves by shaking with aqueous NaOH, acidifjdng 
and distilhn^ off the eugenol in a current of COg. Eugenol may be readily 
transformed mto iso-eugenol which contains the group CH : CH . CHj in place 
of CHg . CH : CHg. Tlus compound is similar to eugenol but has a very cha- 
racteristic smell. Liquid of S. G. 1.073 (14®), B. P. ^7.6®. 


Euguform. Partially acetylated methylene diguaiacol. It is precribed for 
external use in irritating skin diseases either in the form of an ointment 
or of a solution in acetone. It acts 6ts a soothing and anaesthetic agent. 


Eumydrine = atropinemethylnitrate 


ho.ch/ 


CH . CO . 0 . C,HiiN(CH,), . NO,. 
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It forms a white crystalline powder readily soluble in water and in alcohol. 
It is used in medicine in the treatment of the eye diseases (in 1 % solution) 
as a substitute for atropine, from which it is distinguished by the fact that 
it is 60 times less poisonous. It may therefore be given with advantage to 
weak patients. 

It has also been prescribed internally in doses of 0.001 — 0.0026 gramme 
for different diseases. 

Eunatrol is pure sodium oleate. This fatty soap is used internally for the 
treatment of gall stones, and is usually taken in the form of pills in order 
to hide the repulsive taste. 

Euphorbium. A resin formed from the dried latex of a species of Euphorbia 
found in Morocco. It forms yellowish or brownish brittle, transparent pieces 
of the size of a hazelnut, and has a burning taste. The dust is very irritating 
to the mucous membrane. It is used, externally only, in medicine. 

Euphorine — phenylurethane. CO(NH . CeH.)(0 . CgHg). 

It is obtained by the action of aniline on the ethyl ester of chloroformic acid. 

It is a colourless crystalline powder with a slightly burning taste, sparingly 
soluble in cold HjO, more readily soluble in hot water, and very soluble in 
alcohol and ether. It is used in medicine internally as an antipyretic and 
antineuralgic as well as an analgetic — especially in cases of headaches, bilious 
headaches, &c. 

It is used externally as an anaesthetic, in powder form, for the treatment 
of ulcers. 


Euphthalmine. It is the hydrochloride of phenylglycolyl-n-methyl /d- 
vinyldiacetone alkamine. It is used in treatment of the eyes on account 
of its property of widening the pupils. 


Euporphine = Apomorphinobrommethylate. It is prepared by alkylating 
moiphine with dimethyl sulphate, and allowing a saturated solution of po- 
tassium bromide to act on the product of the reaction. 

Colourless crystalline needles, readily soluble in water and alcohol. M. P. 
1800 C. 

It is said to be used in cases of bronchitis, asthma &c. The largest single 
dose is 0.02 grm and the largest amount to be taken in one day is fixed at 
0.06 grm. 


Eupyrine = Vanillin-p-phenetidine. It is obtained by melting together 
vanillin and p-phenetidme and recrystallizing the fused mass from benzene 
and petroleum ether. It is prescribed internally in medicine as an antipyretic 
and astyptic. 


Euquinine. 


Ethylcarbonic acid ester of quinine CO^ 


0 . CgHj 

OC^oH^gN^O. 


It is prepared on a manufacturing scale by the action of chlorcarbonic acid 
ester on quinine. 

Delicate white, very light, crystalline needles, not so objectionable in taste 
as quinine, sparingly soluble in water, readily soluble in alcohol, ether, and 
chloroform. It can be more easily t^en than quinine itself. It has been 
prescribed with advantage for malaria, whooping cough, bilious headaches, &c. 


Europhene = Isobutyl-o-cresoliodide. (CeH;, . C4H1 . CHjO)*!. 

It is produced by the action of iodine pot^ium iodide solution on an 
alkaline solution of isobutyl-o-cresol. 

Bliioher. 17 
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Fine yellow powder, insoluble in H 2 O, soluble in alcohol, ether, chloroform 
and fatty oils. It has antiseptic properties, and is used as a substitute for 
iodoform in the treatment of wounds — either as a powder (mixed with an 
equal amount of boric acid), or in the form of a 5 — 10 % ointment. 

Eutannin. Under this name an intestinal astringent is brought into com- 
merce which, according to Aufreoht, is merely a mixture of gallic acid and 
milk sugar. 

Euxanthic acid see “Animal dyes”. 

Evaporation. Evaporation is carried out either by direct firing, or by 
means of steam, by sand baths, or air baths. The evaporating vessels are dishes 
of glass, porcelain, earthenware, iron, copper, lead, nickel, tin, aluminium, 
silver or platinum. Further boilers of the same materials are used, as well as 
pans, evaporating cylinders, &c. Those apparatus which bring about the 
evaporation in a chamber, in which the pressure is less than atmospheric, have 
become of great importance. 

Everitt salts see „Cyanoqbn compounds. “ 

Exalgin = Methylacetanilide. C0H5N(CH3)(CO . CH3). Obtained by the 
action of monometnylaniline on acetylchloride. 

Colourless crystalline needles, sparingly soluble in cold water, readily 
soluble in boiling water, and very readily soluble in alcohol. M. P. 102® C. 
It is prescribed in medicine internally as an antineuralgic. 

Exhausters. 

Exhaustors of Earthenware: 

Weatdeutsche Steiiizeug - Chamotte- und Dinaswerke G. m. b. H., Euskirchen, Rheinland 
(Germany) (see front part advt. p.). 

Exodin. The tetramethyl ester of acetylrufigallic acid. According to various 
investigations it contains various by-products in addition to the principal 
substance. It forms a yellowish, tasteless, odourless powder, insoluble in water 
and sparingly soluble in alcohol. It is used medicinally as a mild and harmless 
aperient. 

Expansion. The coefficient of linear expansion of a solid body is the 
increase in length a of a prismatic bar of length 1 by an increase of temperature 
of 1® (more exactly from 0® to 1®); in the same way the coefficient of cubic 
expansion is the increase in volume 3 a b^ an increase of 1 ® in temperature. 
The coefficient of expansion of solid bodies changes with the temperature : 
a distinction is made between the variable coefficients of expansion — that is, 
those which are only true for a certain temperature — and the average coeffi- 
cients of expansion which are calculated by interpolation from different 
results over a large interval of temperature. 

Evaporating Caps of Earthenware: 

Fr. Chr. Fikentsoher, Zwiokau Sa., Germany (see front part advt.). 

Evaporating Cups: 

Friedrich Heokmann, Berlin SO. 16, Briiokenstr, 6b (see advts.). 

Evaporating Oupa-Boilen: 

Friedrich Heckmann, Berlin SO. 16, Briiokenstr. 6b (see advts.). 

Emil Passburg, 30 Great Street, St. Helen’s, London E.C. 

Werner Pfleiderer A Perkins Ld., Peterborough. 
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Evaporatinff-Apparstas : 

Friedrich Heokmsnn, Berlin SO. 16, Bruokenstr. 6b (see advta.). 

Wegelin & Huebner A.>G., Halle a. d. S., Germany. 

Evaporating Plants: 

Ernest Scott & Co., 2 Talbot Court, London E.C. 

Evaporaters and Vaounm evaporators: 

Volkmar Haenig & Comp., Heidenau-Dresden, Germany (see front part advt.). 
Friedrich Heckmann, Berlin SO. 16, Bruokenstr. 6b (see advts.). 


Coefficient of linear expansion of solid bodies. 


(Seeing that the coefficient of linear expansion only amounts to hundred - 
thousandths or millionths in the following table the values for 10000 a, and not for a, are 
given, in order to avoid the ciphers. 


Substance 


Aluminium 


Bismuth 

Brass (73.7 Cu + 24.2Zn 
+ 1.6 Sn+ 0.6 Pb) .. 

Black coal 

Bronze (86.3 Cu + 

9.7 Sn+ 4Zn) 

Bronze (86.3 Cu -f 

9.7 Sn + 4 Zn) 

Cast iron, grey 

Cast steel (Krupp) .... 

Cobalt 

Copper 


Glass: 

soft 

mirror 

Jena XVII H 

Gold 

Hard rubber . , 


10000 

For 

tempera- 

ture 

Substance 

10000 

For 

tempera- 

ture 

0.2221 

0“ 

Hard rubber 

0.842 

25— 36® 

0.2336 

0— 100« 

Iron, soft 

0.1136 

0® 

0.1316 

0—100® 

4t 

0.1228 

0-100® 



Iridium 

0.0669 

0® 

0.1840 

0—100® 

“ 

0.0708 

0—100® 

0.2811 

0—100® 

Lead 

0.2829 

0® 



“ 

0.2984 

0—100® 

0.1782 

40® 

Nickel 

0.1262 

0— 30® 



Platinum 

0.007 

0—100® 

0.1802 

0—100® 

Silver 

0.1936 

0—100® 

0.1061 

40® 

Tin 

0.2296 

0—100® 

0.1076 

0—100® 

Wood; 



0.1069 

0— 30® 

Ash, longwise 

0.0961 

0—100® 

0.1244 

0—100" 

Box wood, longwise 

0.0267 

9— 34® 

0.1627 

0— 30® 

Hornbeam, longwise 

0.0604 

0—100® 

0.1698 

0—100® 

Maple, longwise .... 

0.0638 

2— 34® 



“ crosswise . . . 

0.484 

2— 34® 

0.0883 

0—100® 

Oak, longwise 

0.0492 

2— 34® 

0.0891 

0—100® 

“ crosswise 

0.644 

2— 34® 

0.0844 

0—100® 

Pine, longwise 

0.0641 

2— 34® 

0.1461 

0—100® 

“ crosswise 

0.341 

2— 34® 

0.770 

17— 26® 

Zinc 

0.2811 

0— 30® 


With liquid bodies of course only the coefficient of cubical expansion comes 
into consideration; the coefficient of the cubical expansion of mercury is of 
special importance (with regard to the correction of thermometer and baro- 
meter scales). According to the experiments carried out by Wuellneb it 
amounts to, 

between 0— 30® 0.0001812 

“ 0—100® 0.0001826 

apparent, (in the glass) 0.0001644 

For gaseous bodies the coefficient of expansion is, according to law of 
Boyle- Gay-Lussao, without consideration of the nature of the gas, a constant, 
and amounts to = 0.003663. It may be remarked that these constants 
only apply to conaitions under which the gases do not approach that point 
at which they liquefy. 


Explosion proof vessels. These are vessels of iron or other sheet metals 
for storiM explosive liquids. The principle of the so-called explosion proof 
vessels “Salzkottener'' consists in combining protecting arrangements which 
1. prevent an explosion when a flame is appUea directly to the contents of the 

17 * 
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vessel, and 2. protect filled and stoppered vessels, which are exposed to fir© 
(for instance in burning houses), from bursting. 

The protecting arrangements, which are applied to all openings of the 
vessels, consists of cylinders of fine metalic wire-netting; the wire netting 
is also wrapped in a protecting mantle of perforated sheet iron in order to 
prevent injury to the wire-netting cylinder. The effect of this wire netting 
cylinder, which is applied to all openings of the receptacle, is of such a nature 
that when a flame is brought near, the heat is quickly conducted away and the 
flame thus prevented from striking through the netting. The above mentioned 
perforated protecting mantles, besides the protecting power they possess, help 
to cool a flame considerably on account of their polished metallic parts, and 
in this way increase the effect of the whole protective arrangement. In vessels 
containing explosive liquids which are provided with the above mentioned 
protecting arrangement, the gases, on being ignited, bum with a quiet flame 
outside the vessel so long as the liquid evaporates. Thus the protecting arrange- 
ment corresponds in principle to the Davy safety lamps. 

One of the existing arrangements prevents a flame, which has 
been brought near the contents of the vessel, from striking through, so a second 
protecting arrangement is provided which prevents a filled and stoppered 
vessel from bursting when heated from the outside. This second contrivance 
is a safety plug. It consists of a screw plug in the middle of which a metal 
plate is soldered by means of a rOadily fusible alloy. At a certain temperature 
and pressure — the alloy varies according to the purpose for which the vessel 
is required — the gases force the loosened plate out of the plug. By this 
means the extra pressure is removed at once, and the escaping gases can 
become ignited on the outside, and quietly bum away, while a “string back'' 
of the flame towards the inside is made impossible by the above mentioned 
wire cylinder. 

The manufacture of explosion proof vessels, which are of great importance, 
in chemical industry, is protected by German patents. 

Explosion proof transport vessels with safety plugs for benzine, ether, 
spirits, carbon disulphide, acetic ether, &c. are made, according to the nature 
of the liquid, of sheet-iron coated with lead or tin. 

Extinguishers see “Fire extinguishers". 

Extracts. Solutions prepared for medicinal purposes. The substance 
to be extracted is finely ground, heated with water, kept boiling for 30 minutes, 
and then pressed out. 

The details for the preparation of different extracts vary according to the 
substance to be extracted. The German Pharmacopeia recommends mixing 
the substance with cold water, heating on the water- bath for half an-hour 
and then pressing. When the quantities are not specified 1 part of material 
to 10 parts of extract are taken, the only exceptions being cases where maximum 
doses are recognized. 

Where the substances are of a mucous nature the ratio of substance to 
extract is left to the discretion of the pharmacist. 

In the preparation of extracts of Althaea and Linseed, cold water i» 
employed. The cut roots or whole seeds are soaked in cold water for half -an- 
hour without stirring, and the mucilaginous extract decanted from the residue. 
In medicine usually four grades are distinguished, according to the viscosity, 
namely, liquid extracts (fluid extracts), thin extracts, thick extracts, ana 
diy extracts. The extract is prepared by evaporating the natural sap or a 
solution; the latter may be an aqueous, alcoholic, or ethereal infusion or 
decoction. 

According to the Germ. Pat. 151208 for the preparation of extracts for 
medicinal purposes the substance to be extracted (preferably in the form of a 
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powder) is mixed with liquids which contain fermentable carbohydrates, 
and then left to the alcoholic fermentation, after which it is evaporated in the 
ordinary way. For example, in order to obtain a medicinal wine the correspond- 
ing substances are fermented with unfermented grape juice. 

The Germ. Pat. 148906 has in view the preparation of vegetable extracts 
which do not become milky in lemonade. In order to free the respective 
extracts from the albuminoids and pectin they are treated at a high temperature 
for 15 — 30 minutes with carbonic acid gas under pressure; the precipitated 
stuffs are then separated by means of a filter press from the liquid. 

Extraction. 

Extracting apparatus: 

Friedrich Heckmann, Berlin SO. 16, Briickenstr. 6b (see advts.). 

Wogelin & Huebner A.-G„ Halle a. d. S., Germany. 


Extraotiny apparatus of metal: 

Volkmar Haenig & Comp., Heidenau*Dreaden, Germany (see front part advt.). 


Extraction wax see “Wax**. 

Extraits d’odeur see “Perfumery**. 


F 

Fastness ol dyes. See also Cotton dyeing, Mixed goods dyeing, Jute 
DYEING, Linen dyeing. Silk dyeing and Wool dyeing and Vat dyeing and 
finally Turkey red dyeing. In this article the various methods of testing 
the durability of the dye are given. 

Testing the fastness of colours. 

The question as to whether a colour produced can resist the action of 
external influences, in other words, whether it is sufficiently fast, is of great 
importance to the dyer so that tests for proving this point are of considerable 
importance. 

As the idea of fastness is not self evident, it must be defined. A colour is 
fast when in use and when subjected to the influences to which it is exposed 
in the ordinary course of things it still keeps the original tone, tint and freshness 
Therefore it follows that the idea of fastness must vary according to the 
purpose for which a given fibre is intended, and further it is not sufficient to 
separate the dyes into fast and fugitive, but to classify them according to 
the degree of fastness. Whether a colour is fast or not, or whether it is suitable 
for dyeing purposes must be determined by a consideration of the influences 
to which the fibre will to be exposed and the purposes to which it will be 
applied. The following points must also be taken into consideration what change 
the colour suffers and whether the colour rubs or “bleeds** (i. e. colours 
fibres worked up with it). 

* The tests can best be carried out on large quantities, but as these would 
be too costly and take too long to carry out, the dyer usually satisfies himself 
on this point by experiments on a small scale. We here append the ordinary 
tests, adding however that the test is in no wise to be strictly followed, but 
must be varied for the special cases, the principal point being that the test 
Oiust follow as exactly as possible the practical conditions. 
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1. Fastness to water. 

Cottons, woollens, silks and other woven materials are those which are 
expos^ to the influence of water or rain. Loose fibres or threads of the 
material in question are plaited together with undyed threads and placed 
over night in water. The water should then show no colour and the undyed 
threads remain colourless. Or, a piece of dyed material is tacked on to a 
somewhat larger undyed piece and then treated as above. Very frequently 
the test samples are not laid in water but only sprinkled and allowed to dry 
slowly. Materials intended for flags should stand repeated sprinkling and 
drying without staining the undyed parts. Distilled water is best for these 
experiments. 

2. Fastness to washing. 

A colour fast to washing is one which can resists the influences to which it is 
exposed when washed by the ordinary household methods. It is of course 
taken for granted that the washing is carried on in a reasonable manner 
suited to the nature of material in question. As domestic washing is usually 
done with soap and water the term fast to soaping is often used. A half 
percent soap solution (5 g of soft soap in one litre of water) is used for this 
experiment. It is usual however to increase the strength of this solution by 
adding also 3 g NaOH to each litre of water. 

Wool is washed for three quarters of an hour in the soapy solution at a 
temperature of 50 — 60^ C. and then well rinsed and dried. If the dye stands 
this treatment, it can be repeated, increasing the time to not more than 
one hour. 

Should a material of one colour only run a little during the first washing 
it is of no great consequence, but it must be remembered that in a household 
different coloured garments are often washed together. It is therefore advisable 
in this experiment also to make a plait of dyed and undyed woollen thread 
or to sew a piece of the dyed material on to a larger white piece. A still better 
method is to take a sample of white wool, white cotton and white silk and plait 
or sew all these together with the dyed piece in order to be quite sure that the 
dye in the soapy water will not stain any one of them. 

As a rule cottons are very frequently washed so that the experiments witli 
such materials should be still more drastic. The cotton pieces or plaits are 
washed in the above given soda and soap solution at a temperature of 50 — 60 
for one hour, then rinsed in water and dried. After this they are again washed 
for an hour, rinsed and dried, and the process is repeated for the third time. 
In case the material is knitting cotton or any such material it should be able 
to stand boiling for two hours without the white threads becoming stained. 

Coloured silk materials are tested by washing several times in a luke warm 
(40° C.) solution made of 5 g of Marseilles soap in 1 litre of water. In this case 
also the dyed sample should be plaited or sewn together with some white silk, 
cotton and woollen pieces to make sure that none of the dye stains these 
materials. Coloured silk is for many purposes woven with raw silk, and cotton, 
and boiled off after this process. In such cases the dye should not tinge the 
white silk or cotton even after having been boiled for two hours in a strong ly& 
of 16 g of Marseilles soap to one litre of water. 

3. Fastness to milling. 

The most reliable method is to carry out this test on a large scale, using 
the same kind of milling machine that will be used for the bulk. As this 
however is very troublesome and not possible in all cases, the test must often 
be carried out in a small sample. Indeed this can be done with advantage 
even where the necessary apparatus is available. 
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The dyed sample is closely plaited with white wool, silk and cotton, and then 
thoroughly kneaded for some time in luke warm water and soap. For this 
purpose 100 g of ordinary fullers* soap are dissolved in one litre of water and 
into this the sample is placed for two hours, the solution being kept warm, 
and thoroughly kneaded. If the goods are to be subjected to very heavy 
milling 2 — 5 g of soda can be added for each litre of solution, while for light 
milling a lye of 30 g of soap and 2 g of soda per 1 litre is suficient. After 
the milling is finished the lather should show no appreciable 
colouring -- the sample is well washed with water and dried very slowly on 
moist blotting paper. Care must be taken to wash the sample very thoroughly 
or it will be difficult to ascertain whether the colour runs or not. This test 
when carried out with a small piece by hand is not always reliable as the effect 
is never quite so drastic as proper milling, so that before guaranteeing the 
colour the latter process should be carried out. 

4. Fastness to street dirt. 

This experiment is carried out with alkalies since street dirt and dust have 
an alkaline reaction ; consequently the fastness of dyes to dirt and dust is often 
spoken of as fastness to alkalies. Woollen stuffs are usually sprinkled with a 
solution of 10 g of ammonia in one litre of water; and then dried without 
rinsing, after which they are well brushed. Or the material can be laid for a 
time in the above solution and then dried without rinsing. Instead of ammonia, 
lime water, containing 10 — 15 g of quick lime in one litre can be used. After 
drying and brushing any change in the colour where the alkali has been 
sprinkled can be easily observed. A 5 % soda solution in luke warm water 
is a test sometimes applied. It is however not very certain. The best test 
of all is probably to submit a sample of the goods to the actual street dirt. 

In cases of cotton goods the fastness to strong caustic soda solutions such as 
are used for mercerising, has often to be tested. The experiment should then 
be carried out in precisely the same way as in mercerising. The dyed cotton 
is plaited with white, treated for 5 minutes with cold caustic soda lye, 26® to 
30® BA, then washed in cold water, once more well washed in hot water and 
finally acidified with a little weak acetic acid. After these processes no appre- 
ciable change of colour or tint should be noticeable. 

5. Fastness to acids. 

Coloured woollens must be tested for fastness to sulphuric acid when car- 
bonised. The goods are placed in cold dilute sulphuric acid of 4® Be. and then 
squeezed out and dried between undyed woollen material for 2 hours at a 
temperature of 86 — 90® C. The fabric is then passed through a cold solution 
of caustic soda of 4® B4., rinsed in water and dried. Colours less fast to acids 
are carbonised with aluminium chloride. These fabrics are tested with a 
solution of the salt (6 — 7® B6.) well wrung out after soaking and dried at a 
temperature of about 110® C. after which they are treated with fuller’s earth 
and again dried. 

goods are tested by la 3 dng them for 20 minutes in acetic acid of 

0 Be., thoroughly washing and dr 3 ang. 

Another sample of the same goods is then treated in the same way with 
ayorochloric acid of 3® B6. and a third, which is plaited or sewn together 
^th white material is boiled for from one or two hours in a bath, containing 

1 g of sulphuric acid and 2 g of Glauber’s salt (sodium sulphate) per litre. 

K the dye should lose little in intensity, and the white wool 

be coloured. Silk seldom needs to be acid proof, but if necessary it 
can be tested with a luke warm bath, containing 1 g of sulphuric acid per 
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6. Fastness to bleaching. 

Woollens and silks which can resist the effects of sulphur can as a rule be 
guaranteed as fast. The dyed wool or silk is dampea and hung for some 
hours (at least 8) in a sulphur chamber, then well rinsed and dried. It is still 
better first to place the dyed woollen or silk fabric (mixed with white wool, 
silk and cotton) in a soap bath of 6 — 6 g of Marseilles soap per litre of water, 
rinse, wring out and then proceed as above. For exposing small samples to 
sulphur, a wooden box or a glass shade is placed on a glass plate. The sulphur 
which is put in a small wooden box is ignited and the cover immediately 
replaced. The samples must hang freely in the sulphur vapour e. g. from a 
wooden frame. The dyed materials can also lie for 12 hours in an aqueous 
solution of SO 2 (414 B4.) after which they should be well rinsed and dried. 

Cottons which can resist the action of chlorine do not fade. The dyed 
cottons are sewn or plaited with white and exposed to a weak solution of 
chloride of lime and then placed in an acid bath. The chloride of lime solution 
should not be stronger than Be. The material should lie in this for 1 to 
2 hours, after which it is washed, drawn through very weak sulphuric acid 
(S. G. 1.005) rinsed and dried. 

In special cases resistance to the action of hydrogen peroxide determines 
that the colour is fast. 1 part of ordinary hydrogen peroxide (12 vols.) is diluted 
with 5 parts of water to which is added sufficient ammonia to render it alkaline, 
and in this the dyed material is placed for two hours, then rinsed and dried. 

7. Fastness to rubbing. 

The goods chiefly concerned under this heading are furniture coverings and 
clothing. The dyed material is stretched out flat, e. g. on a smooth board, 
fastened with drawing pins and rubbed hard with white cotton material 
or rough white paper. The colour should in this case not rub off, that is the 
paper or cotton should show little or no traces of colour. This test is best 
carried out by rubbing in exactly the same way another piece of material of 
which fastness is known. One piece is rubbed with the right and the other 
with the left hand. 

8. Fastness to perspiration. 

The nature of human perspiration varies so much in different individuals, 
that the same material of the same shade dyed by the same process will in 
one case be changed with remarkable rapidily, while in an other the individual 
can wear it for a very long time without the least loss of colour. 

An approximate test can be made by exposing the material to the action of 
acetic acid of 2 — 3® Be. at the body temperature, 37®. It is repeatedly soaked 
in the acid and allowed to dry, between each soaking. The treatment should 
be repeated 4 to 10 times at intervals of one day. As treatment with acetic 
acid however gives no certain guarantee, it is preferable to have samples of 
the material worn on the body, under the arms or on the breast by different 
people, those persons being chosen who perspire profusely. Also the test 
should be made when these persons are doing heavy manual labour or taking 
very long walks, &c. 

9. Fastness to ironing. 

The material in question is ironed with a very hot iron in exactly the same 
way as the process is usually performed. It can be ironed either dry or after 
having been damped, or a wet white rag is laid over the material, which is 
then ironed until the rag is dry. The colour should not change on being ironed, 
or the slight change which immediately appears should pass off after the 
xnaterial has cooled. 
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10 . Fastness to brightenino processes (lustrino). 

To imitate the effect of wet brightening, the dnred samples after being sewn 
or plaited with white cotton silk, and wool are placed in boiling water. They 
Are then well worked and kneaded from time to time by hand and finally 
allowed to cool in the water. The dry process is imitated by exposing the 
material to the effect of high pressure steam at a temperature of 110® for half 
an hour, one piece being first wetted, while another is treated thus in a dry 
state. It is of course preferable if a lustring cylinder is available, in which 
case the sample is steamed together with a large piece which is undergoing 
the same process. 

11. Fastness to light. 

In practice fastness to light includes fastness to air, heat, moisture, dust, &c. 

In other words the colour must be weather proof. Therefore as a rule the 
samples should not be exposed to light behind glass, but should be placed 
in the open air so that they are actually subjected to the influence of wind and 
weather. At the same time it is advisable to test if the goods are, in the 
strict sense of the word, also fast to sunlight, which is best done by putting 
the sample in a photographic copying frame behind glass and exposing to the 
sun’s rays. 

If it is required to ascertain wher the colour is weatherproof, the sample 
(whether woven yam or thread) is fastened on a board and half covered with 
a piece of opaque cardboard. It is a good plan to place another sample of 
the same tint which is known to be fast beside the one which is being tested 
and to expose both to the same conditions. Further, materials of exactly the 
same shade should not be taken alone but pale, medium and dark samples, 
or even further shades should be used for the purpose of this test. Comparative 
examinations should then be simultaneously made (not one after the other), 
since the effect of light varies considerably according to the time of the day, 
the weather and the season. 

The change in the colour is determined from time to time (say every week) 
by covering another strip of the pattern with the cardboard, so that after the 
test has been sufficiently carried through the material will show a graduated 
scale, which marks the fastness. 

The results thus obtained however should not be applied to materials other 
than those experimented upon, for dyes which are very fast to light when 
dyed on silk or wool are not so when dyed on cotton. 

In testing the fastness of a dye to light, the purpose to which the material 
is to be applied should be taken into account. The depth of colour and the 
extent of the exposure must also be considered. 

If tests of fastness to light have to be made frequently it is well to have 
samples of shades which can be used for comparison, these must, of course, 
be themselves very fast. For blue shades indigo is good for this purpose; 
for yellow, tartrazme, and for reds, alarizine red, &c. are suitable. 

Whatever test is performed, a pattern or part of the dyed material should 
be dways retained for comparison. This pomt cannot be sufficiently empha- 

Fats and oils. These are generally mixtures of the triglycerides of the fatty 
a^ids occurring in the vegetable and animal kingdoms. For practical puimoses 
they are divided into animal and vegetable fats, and again into solid and 
hquid (i. e. at the ordinary temperature). The liquid vegetable fats are 
called oils which are divided into drying and non-drying oils. 

Solid vegetable and animal fats chiefly contain glycerides of pdmitic and 
stearic acid, and in smaller quantities, glycerides of oleic acid, while the liquid 
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animal fats and the non-drying oils consist chiefly of the glycerides of oleic 
acid. In the drying oils the glycerides of linoleic acid predominate. 

Pork fat, beef suet, mutton suet, goose grease &c. are solid animal fats, 
while bone oil and the various fish oils are liquid. 

Palm oil, cocoa nut oil are solid vegetable fats. Amongst the non-drying 
liquid vegetable fats are olive oil, rape-seed oil, castor oil, almond oil, cotton- 
seed oil, mustard oil &c., &c., while poppy-seed oil, linseed oil, nut-oil, &c. 
are drying oils. 

Related to fats are the various kinds of wax (insect wax, spermacetti and 
vegetable wax) and lanoline. 

The fats and oils mentioned are treated so far as they are of industrial 
importance in separate articles. Care should be taken to distinguish from 
these fats and oils the Essential oils (see “Oils, essential”) and the Mineral 
OILS (see “Mineral oils” and “Greases”). See also “Resin oils”, “Lano- 
line”, “Vaseline”, “Wax”, “Wax, vegetable” and “Spermaceti”. The 
Huilea antiques are mentioned under “Perfumery”: 

Fats and oils are lighter than, and completely insoluble in, water, but are 
soluble in ether, benzene, benzine, carbon disulphide &c. They are (distinc- 
tion from the essential oils) not volatile, and boil between 300 and 320® with 
decomposition. They do not bum easily, though with a wick give a luminous 
flame. 

The fats and oils are obtained by various methods. Animal fats are generally 
obtained by a process of melting, the heating being effected either over a 
free flame, or by steam. Another method is the subjection of the raw material 
to cold or hot pressure ; this method is generally used in the case of vegetable 
fats and oils and as in the third method it is combined with a process of treating 
with suitable solvents (extraction). 

All methods necessitate a preliminary treatment, viz. the mechanical 
destruction of the envelope of the fat. 

The raw material thus prepared must for most purposes be refined, by a 
process of standing and filtering (in filter presses) and treatment with suitable 
reagents (generally H 2 SO 4 ). 

Fats are usually bleached with chlorine. More recently ozone has been used 
with good results (see “Bleaching” and “Ozone”). Further potassium per- 
manganate and hydrochloric acid, air and, chromic acid have been used, and 
bleaching in sunlight with subsequent washing with hydrochloric acid is 
recommended. Bleaching with silicic acid or silicates has also become im- 
portant; of the silicates, bleaching earth {Florida earth) has been largely 
used. This is an aluminium magnesium-hydrosilicate (4 MgO, 3 AlgO^, 26 SiO,) 
which is rendered anhydrous and then mixed with the oil warmed to 60 — 80® C. 
The mixture is then passed through a filter press while the residue is subjected 
to dry distillation, or the residual oil extracted after roasting. 

According to one method (patent applied for in Germany) the fats are 
first purified by neutralization with a concentrated solution of NajCOg washed 
with HjO and then mixed with a solution of an alkaline earth compound 
(CaClg-solution). The fats are then filtered and finally heated to 100® C. for 
some considerable time. 

According to the Germ. Pat. 164766 oils and fats are purified by vacuum 
distillation, in a special apparatus which allows of continuous working. It is 
doubtful whether this method, which is rather expensive, will be capable of 
industrial application. — According to Germ. Pat. 166866 oils are preserved 
and refined by treatment with hot indifferent gases. The free acids so formed 
are neutralize with dry gaseous ammonia, the excess of which can (after 
removal of the soap) be got rid of by heating. 

The heating by the gases removes water, sterilizes the fats and coagulates 
the proteid matter. 
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Many attempts have been made to recover waste oil &c. The Germ. Pat. 
141203 proposes obtaining the oil from refuse waters by extraction in an 
apparatus in which the oil-containing waters &c. are thoroughly mixed with 
the solvent. 

Another Germ. Pat. 140399 separates oil from condenser water by making 
the latter pass through an apparatus into which a slow current of COg or air 
is blown. This patent has, nowever, been cancelled. 

According to Germ. Pat. 135313 the oil in the mud of sewage water is 
obtained by first warming the mud with H 2 SO 4 , pressing and finally drying 
and extracting the residue. 

The Germ. Pat. 149613 obtains fat and oil from fish residues, intestines and 
other offal by heating the raw material in autoclaves and at the same time 
introducing compressed air. 

Of considerable importance are the attempts to obtain fat from faeces. 
The methods of Pick and Arnold are the most noteworthy and arc used in 
America on a large scale. The faeces in a concentrated form are boiled with 
HgO in closed steel cylinders and then pressed out hot under a pressure of 
100 atm. An impure fat separates from the liquid which is purified by repeated 
boiling in HgO. This is said to be a commercially useful substance. It is a 
transparent and almost odourless oil; the expressed residues are dried and 
used as manure. 

The Germ. Pat. 145389 recommends liquefying the faeces with warm 
water and then emulsifying with benzene and a little H 2 SO 4 in an apparatus 
provided with stirring gear. After settling, the benzene solution of the fat 
collects on the surface, is placed in a distillation apparatus and the fat obtained 
by driving off the benzene. The residue is said to be odourless and to form a 
good manure. 

A method of using city refuse for obtaining fat is protected by the Germ. 
Pat. 150778, 153330 and 153331. The apparatus is such that the refuse waters 
rise in it, the fat gathers at the top while the clarified water enters a second 
vessel, separated from and surrounding the former. Here the last traces of fat 
are separated and the water flows into the third, and widest vessel. This 
surrounds the first two and is provided with a spout at the top. The supple- 
mentary patents deal with improvements in the apparatus which can then 
be used as a preliminary purifier in the bacteriological method for the purifica- 
tion of sewage (see “Water purification”). 

According to the Germ. Pat. 159170 the faeces are saponified by mixing 
them with caustic alkalies or alkali carbonates and drying the mixture at 
120 — 126®. Another method is to boil the mass after adding the bases. The 
soaps obtained are extracted with warm HgO and the fatty acids separated 
from the separated and filtered solution of fat by acidification. The fatty 
acids are extracted with a suitable solvent and are used in manufacturing 
stearin and candles. — The process however is probably much too expensive 
for industrial purposes. 

See “Fatty acids” for the process of Saponification”. 

Test: Parthbil and Ferib (Arch. Pharm. 1903, 661) have worked out the 
following method for the analysis of fats (Chem.-Ztg. 1903, Repert. 314): 

About 1 g fat is saponified with 15 cc % n.alcoholic potash on the water bath 
and the soap is dissolved in 100 cc of 60 % alcohol. After adding phenol 
phthaleine the excess of alkali is neutralized with dilute acetic acid, and the 
lithium salts of the higher solid fatty acids are precipitated with a 10 % solu* 
tion of lithium acetate in 60 % alcohol. The mixture is warmed on the water- 
bath to 60® when the precipitate redissolves. On cooling, the lithium salts of 
stearic acid, ^Imitic acid and the greater part of the m 3 rri 8 tic acid separate 
in crystals. The whole is then dissolved m 100 cc hot absolute alcohol. On 
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cooling the stearate and palmitate separate, are filtered off, dried and weighed, 
while the myristate remains in solution. The solution is evaporated and the 
myristate dried at 100® C. and weighed. It is then decomposed by hydrochloric 
acid and the washed and dried myristinic acid estimated by titration. The 
acids of the stearate and palmitate mixture are also set free by hydrochloric 
acid and cither titrated after washing with alkali or converted into barium 
salts. The amount of stearic acid and of palmitic acid is calculated from 
tile molecular weight determined by some method. In the filtrate from the 
precipitated lithium salts there are present the salts of a small amount of 
myristic acid, lauric acid, oleic acid and acids of the linseed oil series (if these 
last are present). According to Farnsteiner these are converted into lead 
salts by a solution of lead acetate. The lead salts of the saturated and un- 
saturated acids are then separated by treatment with hot benzene. After 
weighing the lead salts of the saturated fatty acids the latter are set free with 
hydrochloric acid and the amount of myristic and lauric acids calculated from 
their mean molecular weight. From the solution of the unsaturated fatty acids 
the solvent is distilled off in a current of hydrogen and the residual lead salts 
are decomposed with dilute hydrochloric acid. The free fatty acids obtained 
are dissolved in alcohol, neutralized with potash (using phenol phthaleine as 
indicator) and converted into barium salts by a 10 % alcoholic solution of 
barium acetate. The barium salts of the linoleic acid series are extracted with 
aqueous ether and the weight of the barium salts soluble in ether, and that of 
the barium oleato determined. 

Refractometical test after Wollny and Utz: 

With the Butter*Refr. or Abbe’s Rofr. of Carl Zeiss, Jena. Prosp. Mess. 172, 173. 

Fat colours. These are insoluble in water but soluble in mineral, plant 
and animal oils, in benzene, benzine, naphtha, paraffin, turpentine, linseed oil, 
taUow, stearine, wax, &c. Also soluble in CSg, ether, acetone, amyl acetate 
and alcohol. 

They are used for the preparation of printing colours &c. for colouring 
wood, leather, candles, soaps, pomades, butter, margarine, &c. 

Fatty acids. For details of the process of decomposing glycerides (fats) 
into salts of the acids and glycerine (saponification) see “Soap”. 

The process of saponification is carried out in various ways. 1. Lime saponi- 
fication, formerly effected in open boilers, now however under pressure in 
autoclaves. Usually 3% lime (in the form of milk of lime) under a pressure of 
10 atm. is used. The lime soap obtained is then split into fatty acid and CaS04 
by treatment with H2SO4. As plaster of Paris is nearly valueless an attempt 
has been made to substitute baryta for lime. Sodium aluminate has also been 
recommended. Recently saponification under 12 atm. press, with an addition 
of 0.5 — 1 % of magnesia has become important and appears to be gaining 
ground. It has been found that magnesia soaps though insoluble in HgO, 
dissolve in non-saponified fat, and are therefore important emulsifying 
agents. The actual decomposition in the processes mentioned is effected by 
the water only. Saponification in autoclaves is said to be of still greater 
advantage when ZnO is used instead of MgO. 

2. Decomposition by High Pressure Steam. A method formerly used 
which consisted in heating the fat emulsified with 30 — 50 % HgO to 300 — 
360® C. in autoclaves. Saponification has also been carried out with super- 
heated steam. 

Further should be mentioned the decomposition of fats with H2SO4, especially 
useful for very impure material: The fat is first melted so as to remove the 
impurities, heated to 110 — 170® in a stirring apparatus with steam and H2SO4 
of 66 B6 then added; the amount of H2SO4 depends on the kind of fat, 
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vamng between 2 and 10 %. The fatty substance foams up strongly when 
HgS 04 is added, gives off SO 2 and turns brown. It must be stirred well for 
several hours, after which it is run into water. This mixture is heated to 100® C. 
by steam coils and the fatty acids begin to collect on the surface. They aro 
taken off and purified. The HjO in the residue is removed by heating and the- 
dry mass distilled at 300®. Saponification by H 2 SO 4 is effected in various 
other ways. 

For the methods of fat decomposition usually employed in soap manu> 
factury, see “Soap". 

Much interest has lately been roused in the decomposition of 
fats by enzymes. This method, first published by Connstein,. 
Hoykr and Wartbnbero (Ber. d. deutsch. chem. Ges. 1902, 3988) appears 
to be destined to produce a complete revolution in the manufacture of fatty 
acids and soap. The new method is based on the use of fat-splitting ferments 
found in various plant seeds. Castor oil seeds contain much of this ferment 
and are used exclusively for this purpose. The ferments are allowed to act 
on the fats in presence of slightly acidulated water. According to a paper 
read by Connstein at the Intern. Congr. for Applied Chemistry, Berlin 1903,. 
and according to the wording of the patents obtained since (Germ. Pat. 145413^ 
and 147767) the castor oil seed is well mixed (after grinding) with the fat 
and dilute acid (acetic acid or sulphuric acid) and a temperature of 20 — 40®* 
maintained. Instead of free acids acid salts may be used, e. g. solutions of 
sodium bisulphate or sodium phosphate. In the paper mentioned above 
Connstein reported that the actual process for saponifying 600 kg palm oO 
would be as follows: 60kg well-ground castor oil seed is stirred with part 
of the molten fat cooled down to 30 — 35®. It is decanted from the vats and 
mixed with the bulk of the fat in a conical vessel of wood or aluminium. 
300 kg 0.12 % acetic acid is added and the mixture kept in motion by air 
currents. After 24 hours about 90 % of the fat is decomposed. The emulsion is 
destroyed by warming and adding H 2 SO 4 . Three layers are formed which 
are separated: 1 . a great quantity of acid aqueous glycerine, 2 . a small layer 
of emulsion containing dilute glycerine, fatty acid, and seed particles, 3 . 95 %, 
of the clear pure fatty acid. The glycerine is recovered by washing with 
water and subsequent boiling with caustic alkalies or alkaline carbonates. 
The soap is salted out and rinsed once or twice with weak salt solution. 

According to investigations by Braun and Bbhrendt, Ahrin may be used 
with advantage for the fermentative decomposition of fats. The abrin must 
not however be purified, so that possibly a hitherto unknown constituent of 
the Ahrus seed is the actual fat-splitting ferment. 

Another singular method of decomposing fat is given by E. Twitohell : 
The fat is split by boiling in open boners with steam, adding a fat splitting 
medium composed of benzene-stearol-sulphonic-acid C 6 H 4 (HS 03 ) (CigHggOg). 

When the splitting has taken place in one of the above-mentioned ways,, 
in order to separate the liquid from the solid fatty acids the saponified 
mixture is repeatedly washed with acid and HgO, re-melted and placed in 
ehaUow vats which are cooled then solidification; takes place. From the 
solid fatty ^ids thus obtained the last traces of liquid fatty acids are removed 
hydraulic pressure, at first cold and then with slight warming. 

Besides those mentioned there are other methods in use. The raw material 
IS mutton fat, Russian tallow (a mixture of beef and mutton fat) or crude^ 
palm oil. Solid fatty acids are sold as stearine (see special article), the liquid, 
ones as saponified oleine. 

For the purification of the fatty acids Germ. Pat. 164164 recommends 
converting them into their respetive esters (e. g. by heating with methyl 
alcohol and cone. H^SOi). These are distilled in a current of steam and theft 
<lccomposed into acid and alcohol by heating in autoclaves. 
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It remains to be seen whether the method is feasible on a large scale. 

The contents of the Germ. Pat. 141029 are remarkable. According to this 
patent the glycerides of unsaturated fatty acids or the acids themselves 
can be solidified by heating them in a strong current of hydrogen in presence 
of finely divided nickel, which acts as a contact substance. Oleic acid is said 
to be converted almost completely into stearic acid. 

According to the Germ. Pat. 148062 fats containing oleic acid and oleic acid 
itself are converted into solid fatty acids by treatment with concentrated 
H2SO4; this method is well-known, but the product is always of a dark brown 
colour; and has to be distilled with superheated steam, when a portion of the 
oxystearic acid thus formed is reconverted into liquid oleic acid. 
According to the new method the fatty acids are first distilled with super- 
heated steam and then treated with concentrated H2SO4; no carbonisation 
takes place in this case, and the dark colour is removed with zinc dust. Germ. 
Pat. 160798 has for its object the conversion of oleic acid by means of H2SO4. 
Equal molecules of oleic acid and anhydrous H2SO4 are allowed to act on 
each other at a temperature of 60 — 90 ®C. 

According to Germ. Pat. 166610 solid fatty acids are prepared by first 
treating the liquid fatty acids with 112804^, washing to remove the acid, 
neutralizing with an oxide or carbonate and then distilling in a current of 
hydrogen under reduced pressure. By this means the unsaturated are con- 
verted into saturated acids. 

According to Germ. Pat. 167107 the addition of hydrogen to unsaturated 
fatty acids can be accomplished by an electric discharge. 

The Germ. Pat. 151880 protects a method for the preparation of fatty 
acids from crude naphtha, petroleum, and other hydrocarbons. The suitable 
fractions are chlorinated and then successively treated with magnesia and 
carbonic acid. 

Germ. Pat. 159170, describes the preparation of fatty acids from faeces 
(see “Fats and Oils'’). 

According to Germ. Pat. 172690 the conversion of oleic acid into solid 
acids can be accomplished in the following way. Formaldehyde in certain 
proportions is added and an emulsion made. Zinc dust is introduced and the 
whole treated with hot water (not above 80°). The zinc sinks to the bottom 
and the acids collect on the surface as a liquid which readily solidifies to a 
mass of fatty acid (softens at 50°, melts at 68°). 

Fatty acid apparatus: 

Friedrich Heckmann, Berlin SO. 16, Briickenstr. 6b (s^ee advts.). 

Fatty acid Distillation: 

Volkmar Haenig & Comp., Heidenau-Dresden, Germany (see front part advt.). 

Fat splitting apparatus: 

Volkmar Haenig & Comp., Heidenau-Dresden, Germany (see front part advt.). 


Fayence see “Stone Wabb.“ 

Feather-alum =: Asbestos (q. v.). 

Feather Alum: 

Aflenzer Grafit- und Talksteingewerksohaft G. m. b. H. 

Feather white = Asbestos (q. v.). 

Feeing stulft. Only those are mentioned here which are waste product) 
obtained in some industry. 
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1. Wash (distiller's; vinasse). The residue of fermented mash after the 
alcohol is distilled off. According to the source a distinction is made between 
potato and grain vinasse. Both are used as a good forcing food for milk 
producing animals; but on account of the large amount of water present it is 
injurious to health and affects the quality of the milk if the feeding is continued 
for too long a time. For these reasons the wash is now evaporated to dryness 
and ground to powder. 

The composition of vinasse is shown in the following table: 



Water 

% 

Ash 

% 

Crude 

proteid 

o/ 

/o 

Crude 

fibre 

% 

Nitrogen- 
free ex- 
tractives 
% 

Crude 

fat 

0/ 

/o 

Rye vinasse, moist . . . 

91.10 

0.50 

1.90 

1.00 

6.20 

0.30 

“ “ dried . . 

10.81 

4.65 

23.07 

4.02 

61.56 

6.89 

Potato vinasse, moist . 

93., 30 

0.60 

1.20 

0.70 

3.60 

0.20 

“ “ dried . . 

7.83 

16.40 

23.08 

8.60 

40.54 

3.65 


2. Brewers’ Grains. The residues obtained in Brewing (see “Beer”). 
They are little used in the fresh (moist) state as the water contained (about 
75 %) renders the transport expensive and favours decomposition. For 
this reason grains are dried in special forms of apparatus. 



Water 

Ash 

! 

Crude 

proteid 

Crude 

fibre 

Nitrogen- 
free ex- 
tractives 

Crude 

fat 


% 

0/ 

/O 

% 

/o 

0/ 

/o 

0/ 

/o 

Brewers’ grains, moist . 

75.06 

4.84 

6.20 

0.88 

11.13 

1.90 

“ “ dried . 

18.76 

14.60 

21.28 

3.12 

36.86 

6.38 


3. Oil Cakes. The residue obtained after pressing our the oil from oil- 
containing seeds. In addition to other nutrient materials they invariably 
contain more or less fat. 



Water 

0/ 

/o 

Ash 

% 

Crude 

proteid 

0/ 

/o 

Crude 

fibre 

0/ 

/o 

N itrogen- 
free ex- 
tractives 
% 

Crude 

fat 

% 

Earthnut cake 

11.15 

6.22 

30.65 

23.46 

19.47 

9.06 

Linseed cake 

11.00 

6.55 

28.65 

9.45 

34.42 

9.93 

Cocoanut cake 

10.42 

4.25 

16.81 

24.00 

35.00 

9.62 

Bapeseed cake 

10.00 

7.94 

31.15 

11.32 

30.04 

9.65 

Sesame cake 

9.82 

10.76 

37.60 

6.26 

21.67 

14.00 


4. Beet Parings (Cuttings, diffusion cuttings). The beet cuttings obtained 
from the diffusion apparatus in sugar manufacture (q. v.). They contain 
much water and quietly decompose. They are made acid, or are pressed 
or dried. 

Pressed cuttings contain about 89.8 % water, 0.9 % albumin and 6.3 % 
uitrogen-free extractives. 

5. Meat Flour. Made from the waste products in the manufacture of 
meat extracts by drying and crushing. On an average it contains 11.5 % 
water, 3.7 % ashes, 72.8 % crude proteid and 12 % fat. It is considered an 
easily digested forcing food of excellent quality. 
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Fehling's solntion. A solution containing CUSO 4 , Rochelle salt and NaHO. 
Used in the estimation of sugar. For preparation &c. see Volumetric Analysis! 

Felspar. The common name for potassium felspar or Orthoolasb, a 
potassium alumiiuum silicate [K^O . 3 SiO^] + [Al^Oj + 3 SiOj]. Sometimes 
occurs in monoclinic crystals, sometimes m the form of dense masses with a 
granular structure. Colourless to brownish-red; transparent or opaque with 
a vitreous lustre. 

Ordinary felspar is used in the manufacture of porcelain, as a buildinc^ 
material and as a fertilizer. ^ 

Of less importance is the sodium felspar (sodium aluminium silicate) known 
as Albite. 

Fennel, oil of. Essential oil obtained from the seeds of Foeniculum capilla- 
ceum (Fennel) by distillation with water. 

Colourless or yellowish oil having an aromatic odour and a sweetish, 
spice-like flavour. S. G. (16®) 0.920 to 0.980. Solidifies to a crystalline mass 
at 10® (a)D — -f 7® to 22®. It contains pinene, dipentene, fenchone and 
anethol (the chief constituent of aniseed). It is slightly soluble in water, 
much more readily in alcohol. It is used in medicine and in the manufacture 
of liqueurs and soaps. 

Fermangol. The trade name for a remedy for chlorosis and nervous com- 
plaints. According to Aufrecht it is an aqueous-alcohoHc, aromatic solution, 
containing about 5 % iron manganese saccharate, 1.6 % calcium glycerine 
phosphate with 14 % cane sugar and d4.2 vol. % alcohol. 

Ferments. Unorganized ferments or enzymes are bodies closely related to 
the proteids but otherwise little is known concerning them. Extremely small 
quantities are able to change very large quantities of organic matter. All 
fermentative processes consist of a splitting, i. e. complex compounds are 
split into simpler ones, a process which usually consists of hydration. 

The most important enzymes are: 1 . Diastases, liquefying starch and 
converting it into sugar (one of these is the ptyaline of the saliva) ; 2. Zymases, ' 
causing alcoholic fermentation, i. e. splitting sugar into alcohol and carbonic 
acid; 3. Pbpsine occurring in the secretion of the stomach, converting albumens 
into peptones; 4. Trypsine which has an action similar to pepsine; 6 . Lipase, 
splitting fats; 6 . Invertasb, changing cane sugar to invert sugar; 7. Glycase 
orMALTASE, forminggrape sugarfrom maltose; S.Melibiasb, splitting raffinose 
into the simpler sugars ; 9. Catalase splitting H^Og into HjO and 0 ; 10. Rennet, 
curdling milk; 11 . Oxydases carrying atmospheric oxygen to oxidizable 
bodies. 

Fernambuco wood (Lignum Femambuci; Lignum brasiliense), also called 
Brazil wood, Nicaragua wood, Pernambuco wood and Red wood. It is the 
trunk wood of Caesalpinia echinata. Further details will be found under 
“Vegetable Dyes”. 

Ferratine. A compound of iron and albumen in which the iron is firmly 
held. It is formed according to Germ. Pat. 72168 and 74533 by treating 
egg albumen with ferric tartrate. It is a reddish brown, insoluble powder, 
easily digested, and is an agreeable iron preparation. 

Ferratogen. Iron nuclein compound containing 1 % Fe. Brownish in* 
soluble powder, used medicinally. Easily absorbed by the intestines. 
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Ferratose. A solution of Ferratine (see above) containing 0.3 % Fe in an 
easily absorbed form. It is similar to ferratine in action and proporties. 

Other elements combined with the organic substance can be introduced 
into ferratine, e. g. I and As, giving lodine-ferratine and Arsenic-ferratine 
respectively. Both are usually prepared as solutions and are prescribed as 
lomne-ferratose and Arsenic -ferratose. Each contains 0.3^% Fe, the former 
0.3 % I, and the latter .003 % As in addition. 

Ferrhaemine(-HBRTEL). Compound of fresh ox-blood with iron, 20% 
wine being added as a preservative. 

Ferric compounds and Ferrous compounds see “Iron Compounds^. 

Ferrichthol = Ferrum sulfoichthyolicum. 

Brownish-black insoluble powder odourless and tasteless, used medicinally 
as an iron preparation, containing 3.6 % Fe and 96.6 % ichthyol-sulphonic 
acid. 

Ferripyrine see “Fbrropyrine**. 

Ferroaluminium see “Iron Alloys** No. 1. 

Ferrochromium see “Iron Alloys** No. 3. 

Ferrocyanides see “Iron Compounds** No. 14. 

Ferrocyanogen blue see “Iron Colours**. 

Ferromanganese see “Iron Alloys** No. 4. 

Ferromolybdenum see “Iron Alloys** No. 5. 

Ferronickel see “Iron Alloys** No. 10. 

Ferropyrine (Ferripyrine), Compound of antipvrin with ferric chloride. 
Taken internally as a remedy for chlorosis, neuralgia, sick-headache, and 
intestinal bleeding. 

Ferrosilicon see “Iron Alloys** No. 6. 

Ferrostyptine, Double salt of hexa-methylene-tetramine-chloride and ferric 
chloride (CHj)eN. . HQ . FeClg. 

Yellow, very soluble powder, with an astringent taste. Used as an astringent 
and astyptic in 20 to 40 % solution. 

Ferrostyptine : 

C. L. Marquart, ohem. Fabrik Beuel a. Rhein (Germany). 

Ferrotitanium see “Iron Alloys** No. 7. 

Ferrotungsten see “Iron Alloys** No. 13 and “Tungsten Alloys**. 

Ferrovanadium see “Iron Alloys** No. 18. 

Fersan. A para-nucleine-compound containing iron. Besides containing 
a large percenbsige (90 %) of albumen in a soluble and easily absorbed form 
(acidalbumin). It is characterized by its contents of iron and phosphorus 
(combined in an organic form), it is thus an iron preparation and at the same 
tune a food. 

Fervine. Meat extract combined with iron compounds. 

Blaoher. 18 
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Festotorm. A solid preparatioa of formaldehyde obtained by mixing 
an aqueous solution of formaldehyde with small quantities of a soda soap 
solution; it is prepared in tablets, pastilles, and as an amorphous mass. The 
formaldehyde contained is not polymerized, the substance is very stable 
and should find use as an antiseptic, disinfectant and de-odouriser. A special 
kind of festoform is recommended for the disinfection of closed rooms. 

Fetron. A new ointment basis, introduced by Professor Liebreich to 
replace vaseline and Ungt. Paraffini. Fetron is a mixture of best yellow 
vaseline and pure anilide of stearic acid, of a yellow colour, M. P. 68®. It 
mixes with all drugs, never becomes rancid, has good covering properties 
and is easily removed from the skin. 

Fibroin see Silk. 

Fibrolysine. A double salt of thiosinamine (q. v.) and sodium salicylate. 
It is soluble in water and the solution is valuable on account of its property 
of softening scars, wounds, &c. It is sold in the form of a sterilized solution 
in glass bulbs containing 2.3 ccm fibrolysine solution (equal to 0.2 g thio- 
sinamine). 

Filite see “Gunpowder*’. 

Filmarone. A substance present to the extent of 5 % in fern roots. Tlie 
active principle is a specific against worms. 

Pure filmarone has acidic cnaracters. It is a straw-yellow amorphous 
powder M. P. 60®, easily soluble in most organic solvents, with difficulty in 
methyl alcohol, almost insoluble in HgO. 

According to the age of the patient the dose varies from 0.3 — 1 g. Usually 
it is sold as a 10 % solution in castor oil, a preparation known as filmarone oil. 

Filters. 

Filters and Filtering apparatus: 

Volkmar Haenig & Corap., Heidenau-Dreaden, Germany (see front part advt.). 

Friedrich Heokmann, Berlin SO 16, Briiokenstr. 6b (see advts.). 

Filtercloth. 

FUteroloih: 

C. Harzer & Co., Finsbury Pavement House London E.C. 

Filter presses. A filter press consists of a series of boxes between two strong 
head-pieces, one movable and one fixed (the latter on stand), resting on two 
strong side spindles and lined with some suitable filtering material. They 
receive the liquid to be filtered (which flows into all the boxes) by a side tube 
which runs through the whole series. The pressure exerted by a pump causes 
the clear liquid to pass through the meshes of the material and to escape 
by the channels made in the box plates for this purpose while the solid sub- 
stances remain in the boxes between the cloths. The solid substances obtained 
can be washed in the press itself, either to purify them or to obtain the soluble 
substances clinging to them. A distinction is made between Box Presses in 
which the smooth rim surrounding the filter surface of the plates is raised, 
so that two adjoining plates make a box, and Frame Presses in which the 
closing rim is in a plane with the filter surface and where the boxes are formed 
by intercalated hollow frames. The filter presses are generally m^e of wood 
or iron. In iron presses, in order to protect the filter cloth, the filtering surfaces 
are covered with a finely corrugated or perforated iron sheet. In box presses 
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where the cloths are fixed to the delivery tube by cloth screws the plates are 
completely covered with cloth. The arrangement is cloth against cloth and 
the residual substances for which an outlet is provided fall out at the 
bottom when the plates are separated. The cloths of frame presses are only 
hung over the frames, and the arrangement is cloth against iron or wood, so 
that the residues are lifted out of the press with the frames. The presses are 
closed with mounted closing spindles, bolt spindles or by angular lever spindles. 
Recently filter presses with slides of stone ware have become more general. 

Filterpresses: 

C. Harzer A Co., Finsbury Pavement Houee London E.C. 

Wegelin A Huebner A.-O., Halle a. d. S., Germany. 

Filter stones. Porous acid proof artificial filter stones of finer or coarser 
grain. They have recently been used for suction (vacuum filters) in separating 
L)id liquids from precipitates. Also used for the filtration of acids, kc. For 
a long time a great disadvantage was experienced in that the requisite uni- 
formity could not be obtained simultaneously with a fine porous structure; 
fine porous stones of greater thickness cannot be produced uniformly, while 
on the other hand thm stones cannot stand great pressure due to suction. 

An invention (patent applied for) by W. Schuler evades this difficulty 
by letting the porous stone consist mainly of coarsely porous material with 
a surface of finer material varying from 2 — 10 mm in thickness, so that without 
increasing the time of filtering solid substances are absolutely prevented from 
entering the interior of the stones. The under surface of the stones is provided 
with perforations, channels, &c. in the coarser material. 

The usual dimensions of the porous stones are 20 x 20 cm with a thickness 
of 5 cm, though larger forms are made. The connections between the individual 
plates are usually made with asbestos cord. 

Sacking filters of Earthenware: 

WOTtdeutsohe Steinzeug • Chamotto* und Dinaswerke O. m. b. H., Euskirchen, Rheinland 

(Germany) (see front part advt. p.). 

Fireproof, rendering articles. The following substances, amongst others are 
used to lessen the inflammability of certain articles. 

1. Ammonium Sulphate or Ammonium Phosphate 6 to 10 % solution. 

2. 8 ammonium sulphate, 2.6 ammonium carbonate, 3 boric acid, 2 borax, 
2 starch in 100 HjO. 

3. 20 % solution of sodium tungstate mixed with 4 % sodium phosphate. 

4. 1 sodium tungstate, 6 alum, 2 borax, 1 dextrine in 100 soap solution. 

5. 6 borax, 6 magnesium sulphate, 1 starch in 60 H 20 . 

6. 16 sal-ammoniac, 6 boric acid, ^ glue and 1 gelatine in 100 HgO mixed 
with enough lime to yield a mixture that can be applied with a brush at 
60 — 60° C. (for stage scenes, wood, &c.). 

7. Waterglass solution mixed with chalk or glass powder (for painting wood). 

8. Impregnation for same purpose with iron vitriol, borax, &o. 

9. 10 barium sulphate, 6 sodium tungstate, 20 starch boiled in HjO (for 
textiles). 

10. 20 borax, 20 sodium tungstate, 60 starch boiled in HgO (used like 9). 

11. Equal parts zinc sulphate, magnesium sulphate and sal-ammomao 
are mixed with three times the weight of ammonia alum. The mixture is a 
damp-mass which is dried at moderate heat. For textiles 2 parts starch are 
mix^ with one part of the fire proofing material. 

12. Painting with asbestos pamt. 

13. According to Germ. Pat. 138807 a solution of 10—20 parts po- 
tassium carbonate and 4 — 8 parts ammonium borate in 100 parts water is 

18 * 
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applied. On heating a glassy mass is formed which is fire-proof; at the same 
time COj is set free which extinguishes the flames. 

14. According to Germ. Pat. 160465 the material is soaked in a solution 
of sodium stannate (22® B6) dried, and treated with a zinc acetate solution 
(16® B6). The material is finally dried and steamed. 

16. According to Amer, Pat. 866906 cotton and linen goods are soaked in a 
solution of sodium stannate, dried, and then placed in a bath made of equal 
parts of solutions of sodium tungstate (S. G. 1.3), ammonium chloride (S. G. 
1.06) and ammonia (S. G. 0.882). The goods are finally dried. 

16. According to Germ. Pat. 151641 titanic acid is set free from its 
compounds on the textile in an insoluble form. Before applying the titanium 
solution the material may be treated with a sodium stannate solution. To 
assist the formation of titanic acid ammonium sulphate is added. The titanic 
acid is conveniently precipitated by a solution of sodium silicate of about 
1.1 S. G. Finally the material is washed and dressed as required. See “Wood”. 

17. A fireproof coating is obtained, according to Danish Pat. 8991 by 
mixing equal quantities of sodium silicate and a 6 % solution of NaOH, 
treating the mixture with twice the quantity of chalk paste (or ochre) and 3 % 
carbolineum. The colour may be made brown by the addition of 10 % coaltar. 

Fireproof Stones: 

WoBideutache Steinzeug . Chamotte* und Dinaswerke G. m. b. H., Euskirohen, Rheinland 

(Germany) (see front part advt. p.). 

Fireproof utensils: 

Fr, Chr. Fikentscher, Zwickau Sa,, Germany (see front part advt.). 

Fireworks (Pyrotecitnics). 

a) Recipes for Bengal Fire. 

Red: 40 SrNjO,, 6 KC10„ 13 S, 2 C. 

“ 24 SrN,0„ 3 KC10„ 8’S, 8 Cu,S„ 6 Hg.CI,, 1 shellac. 

“ 66;SrN,0„ 20KC1O,, 24 S. 

Pink: 23 CaCl,, 61 KClO„ 16 S. 

Purple red; 23 CaCO„ 60 KCIO,. 16 S. 

Blue: 16 copper ammonium sulphate, 28 KCIO,, 16 8, 16K,S04, 27 KNO,. 

“ 23 ignited alum, 61 KC10„ 16 S. 

Green : 8 BaNjO,, 3 KC10„ 3 S. 

“ 46 BaN,0„ .10 KC10„ 10 S, 1 Sb,S*. 

Violet; 12 alum, 12 KjCO„ 60 KC10„ 16 8. 

Yellow; 48NaNO„ 16 8, 4 8b,S„ 1C. 

“ 23 Na,CO„ 61 KC10„ 16 8. 

White: 32 KNO„ 8 8, 122Sb, 11 PbjO* (minium). 

b) Recipes for Light-balls. 

Red; 4 SrN,0„ 3 KCIO,, 2 milk-sugar. 

“ 8 SrN,0„ 4 KCIO,, 3 8, 2 Sb,S,. 

Blue: 6 azure blue, 12 KCIO,, 6 8, 1 Hg,Cl,. 

Green: 40 BaN,0„ 20 KCIO,, 10 8, 1 shellac, 1 fine soot. 

“ llBaCO,, 6 KCIO,, 2 8, 

Violet: 6^SrN,0„ 4 copper filings, 6 KCIO,, 3 8, 3 Hg,Cl,. 

“ 1 azure blue, 4 SrNjO,, 9 KCIO,, 6 8, 1 Hg,Cl,. 

Yellow; 2 sodium oxalate, 4 KCIO,, 1 shellac. 

White; 9KNO„ 3 8, 2 Sb,8,. 

“ 70KNO,, 14 8, 10 realgar, 12 Sb, 1 shellac. 

c) Recipes for “Rains”, 

Most contain gunpowder, 

1. 16 gunpowder, 3 C. 

2. 16 “ 8 KNO„ 3 C, 3 8, 10 fine iron filings. 

3. 16 12 KNO„ 3 0, 3 8, 12 coarse iron filings. 

4. 16 4 steel filings. 

6. 16 “ 8 KNO„ 3 8, 8 zinc fUings. 

6. 16 " 8 KNO,, 2 8, 10 copper filings. 
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d) Recipes for explosive Mixture for Rockets. 

1. 8 gunpowder, 3 coarse charcoal. 

2! 16 KNO„ 4 S, 9 coarse charcoal. 

Fish glue see “Glub“. 

Fish guano see "Manures, artificial". 

Fixatives. To prevent fading or smearing of charcoal and chalk drawings. 
The drawings are subjected to the action of a fixing spray, i. e. a liquid con- 
taining a resin or similar substance dissolved in a very volatile solvent. 
According to Germ. Pat. 140679 a good fixing agent is obtained by adding 
a little waterglass to a solution of dammar resin and caoutchouc in benzene 
and chloroform; e. g. one part caoutchouc is used with 35 parts dammar, 
3 parts chloroform and 250 parts benzene, adding if necessary another solution 
35 parts dammar rosin, 3 parts chloroform and 52 parts benzene. Finally a 
small quantity of waterglass is added. 

Flax see Linen. 

Florence flasks. Wide necked flasks used in the distillation of essential oils. 
An outlet tube is attached near the bottom of the flask which reaches upwards 
almost to the mouth of the flask and is then bent downwards. When such 
a flask is used as a receiver, the oil floats on the surface of the water. When 
the flask is nearly full of distillate, the water must escape, so that by con- 
tinuing the distillation the flask eventually becomes full of oil. 

Florence varnish see "Cochineal". 

Florizine see "Castor Oil". 

Fluid gases see “Condensation op Gases". 

Fluor (Farina). The grain is ground by horizontal, vertical or disinte- 
grating mils. The object of milling is to remove the husk and embryo 
without injuring the grain itself more than is necessary. This object is only 
approximately achieved, because the husk is tougher and therefore ground 
later than the farinaceous part. This is especially the case if the grain is 
moistened before grinding. 

In the case of horizontal mills which are especially adapted for soft grain 
the grinding is carried out as finely as possible between closely adjusted 
millstones. The product is sifted and the residue re-ground, a process to be 
repeated again and again. The final product is never white because the shells 
have been ground during the repeated treatment. In the case of vertical mills 
which are especially adapted for hard grain (highly glutinous wheat) the mill- 
stones are at first set well apart. During the subsequent grinding the stones 
are gradually brought nearer together, and between each two grindings the 
product is sorted in special machines and sieves according to the degree of 
fineness and density. In this way a thorough separation is secured and a 
very fine product results, but the output is less than where horizontal mills 
are used. In the case of vertical mills the grain is not previously moistened. 

Experiments have been made recently with the object of introducing 
disintegrators but as to the result nothing definite can be stated. 

Fluorescein. Resorcine phthaleine (tetraoxyphthalopheneanhydnde). It 
is obtained by heating resorcine with phthalic anhydride, the action being 
represented by the following equation: 
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/CO. / 

C,H/ >0 + 2 C,H / 


0H(1) 
OH (3) 


CH<°® 

p/c‘H<0 +2H,0 

^CO^ 


'OH 


Fbythftlio anhydride Resorcine Fluorescein 

See also the article on “Pyronine Dyestuffs". Fluorescein dyes wool and 
silk yellow in an acid bath. 


Fluoridines. Coal-tar colours which occur as ntermediate products in the 
manufacture of Indulines (q. v.). They are diazines probably of the con- 
stitution 


NH, 




N 




\ 


N' 




R 


where R denotes aryl groups of the benzene series. 


Fluorine and Fluorine compounds. 

1. Fluorine. F. Atomic weight == 19.1. A gas first isolated in 1886 by 
the electrolysis of a mixture of potassium fluoride and absolutely anhydrous 
hydrofluoric acid. (S. G. 1.31.) It condenses to a light yellow liquid at-- 185 o. 
Dewar has succeeded in obtaining solid fluorine by surrounding it with liquid 
hydrogen which was allowed to evaporate. M. P. — 233 Compared with its 
compounds fluorine is of no importance. 

2. Hydrofluoric Acid. HF. Obtained by heating CaF. or cryolite with 
concentrated sulphuric acid: CaF^ -f H 2 SO 4 = 2 HF -f CaSO*. The reaction 
must take place in vessels of lead or platinum, or in iron vessels fitted with 
a lead cap; see Hydrofluosilicic Acid. The distillate is collected in vessels 
of lead, platinum or guttapercha. 

According to Germ. Pat. 142931 hydrofluoric acid can be prepared 
in an apparatus the construction of which is protected by Germ. Pat. 134977 
(us^ for the preparation of acetone). A mixture (at ordinary temperature) of 
Cah 2 HjSO. is spread in thin layers on frames and then heated in a retort 
heated externally. The process is rapid and the fluor-spar is completely 
decomposed. At the end the frames are removed and at once replaced by 
fresh ones. As the retort is surrounded entirely by flames, the lead cap may 
be replaced by an iron one. 

Anhydrous hydrofluoric acid boils at 19.4®, solidifies at — 102 5 ® in the 
crystalline form and melts again at— 92.5®. S. G. (at 15®) 0.9870. It fumes 
strongly in the air, causes blisters and sores on the skin and when breathed is 
extremely poisonous. It carbonizes paper, wood, cork and, except when dryi 
ingorously attacks glass. Paraffin is not attacked by it. Easily soluble in 
H|0; the strongly-fuming, saturated solution evolves gas when heated and 
l^ves a hydrate HF -f 2 HjO with a constant boiling point of 120 ®, containing 
about 38 % HF . The solution also has a strong action on glass so that it 
must be k^t in vessels of Pt, Pb, guttapercha or in vessels lined with paraffin. 
The fluondes wOl be found described under the respective metals. 

Flnosilidc lalti: 

Humann a Dohna Baz. Dre8den» Germany. 

Hydroflnorio acid and Flnorine Compounds: 

Humann a Teisler, Dohna Bez. Dresden, Germany, 

^ Hl^rofomi* CHFj. Obtained by the action of silver fluoride on iodo- 
form in presence of HjO but in absence of oxygen. 
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A gas the saturated aqueous solution of which (containing 2.8 % CHF,) 
is said to be prescribed internally as Aqua fluoroformii in cases of tubercular 
disease. 

Fluorrheumine. A mixture of fluorine nhenetol and difluordiphenyl in the 
form of ointment. Said to be used externally in cases of rheumatism, lumbago, 
influenza. 

Fluorspar (Calcium fluoride). CaFj. A mineral found in fine colourless 
(though frequently coloured by impurities) regular crystals. See No. 9. 
“Calcium Compounds''. 

According to Germ. Pat. 152194 the powdering and purification of 
fluorspar is effected by heating it in crucibles as rapidly as possible until it 
falls to a powder. The larger pieces remaining which contain the impurities 
are removed by sifting. 

Fluorspar: 

Jencquel & Hayn, Hamburg. 

Fly catchers. The three following recipes are recommended: — 

1. 100 parts colophony melted with 60 parts resin and 70 parts rape oil and 
20 parts crude honey added. 

2. 600 parts colophony, 400 parts linseed oil and 20 parts yellow wax melted 
together. 

1 500 parts brown colophony, 250 parts castor oil are melted and then 
50 parts glycerine are stirred in. Finally 100 parts crude honey are added. 

Fomitine. A liquid extract prepared in the cold from the fungi Fomea 
cinmmomeus and F, igniariua, parasitic on the members of the genus Prunua. 

Fomitine is used m^icinally in cases of diseases of the bladder, irregularities 
in menstruation and haemorrhoids. 

It is a clear reddish-brown liquid. 

Foods, prepared. See Proteids, Meat preparations, Caseine, Eucasinb, 
Fbrsan, Habmogallol, Nutrose, Pancrbon, Plasmon, Roborate, Sana- 
TOGEN, SoMATOSE, TrOPON. 

The following table shows the composition of certain food preparations, 
and the relation between price and nutritive value. 





Garbo- 




Units 

Units of 


Pro. 

Fat 

Water 

Fibre 


of 


Name of preparation 

teids 

hydra- 

tes 

Ash 

nutri- 

tive 

value ob- 
tained 








value 

for 


•/• 

•/. 

1 

•/. 

•/. 

•/• 

in lOOg 

1 shilling 

Mellin’a food 

7.81 

0.29 

82.58 

6.15 


3.17 

122.5 

189 

Nestle’s food . . 

9.94 

4.53 

77.46 

6.01 



1.76 

140.5 

401 

Kufeke’a food 

13.24 

1.69 

73.88 

8.37 



2.23 

146.0 

414 

llodin'a acorn>oatxneal . . . 

13.25 

4.35 

67.96 

10.60 

2.04 

1.90 

147.5 

738 

Vermicelli (Klopfer) 

15.54 

1 0.69 

1 74.78 

7.15 1 


1.84 

154.5 

1717 

Butter biscuit (Klopfer) . . 

10.30 

9.20 

1 76.80 

2.80 



0,87 

156.0 

1013 

Bademann’s food . . . 

14.15 

6.58 

70.03 

5.58 

— 

3.93 

157.6 

625 

Oatmeal (Knorr) 

Klopfer’s food . 

13,71 

8.67 

66.71 

9.12 



1.74 

161.6 

1616 

18.90 

3.36 

72.95 

2.40 



2.37 

177.6 

355 

Heyden’a food 

Somatose . 

Nutrose 

^anatogen 

Tropon .... 

79.62 

0.10 

— 

1 7.96 



4.75 

399.0 

93 

81.60 

— 

! — 

10.04 

— 

6.72 

407.5 

82 

82.18 

0.41 

— 

10.97 

— 

3.63 

412.5 

187 

82.70 

0.80 

— 

9.22 

— 

7.26 

416.0 

130 

88.76 

0.34 

— 

9.77 

— 

1.13 

1 445.0 

742 
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Foods (Provisions). The following is a table of the composition of a 
series of important foods, their nutritive value and the amount of units, of 
nutriment obtainable for one shilling assuming the usual prices. 

In calculating the units of nutrition carbohycCates are taken as unity; fatty 
substance is three times and proteid 5 times as valuable as the carbohydrates, 
e. g. 1000 g of peas = 1740. This number is obtained as follows: 1000 parts 
peas contain 230 parts proteid, 20 parts fatty substance, and 525 parts carbo- 
hydrates. 

Hence we have 

230 X 6 units of nourishing value =1150 

20 X 3 “ “ “ “ = 60 

526 X 1 “ “ “ “ = 526 

1735 

i. e. there are 1736 units of nourishing value, 
to which about'6 parts due to other substances, 

e. g. salts &c. should be added 5 

therefore 1740 units of nourishment 

are contained in 1 kg peas. 

By this method the numbers in the last column but one are obtained, though 
calculated for 100 g of the material. 


Foods 

Pro. 

teids 

Fat 

Carbo- 

hydra- 

tes 

Water 

Fibre 

Ash 

Units 

nutri- 

tive 

value 

No. of 
units of 
nutritive 
value ob- 
tained for 


V. 

•/. 

% 1 


Vo 

•/. 

100:g 

one 

shilUng 

Cucumber 

1.18 

0.09 

2.31 

96.20 

0.78 

0.44 

8.5 


Lettuce 

1.41 

0.31 

2.19 

94.33 

0.73 

1.03 

10.0 

260 

Bilberries 

0.78 

— 

7.66 

78.36 

1.29 

1.02 

11.6 

280 

Plums 

0.40 


9.74 

84.86 

4.34 

0.66 

11.6 

380 

Asparagus 

1.79 

0.25 

2.63 

93.76 

1.04 

0.64 

12.6 

86 

Pumpkin 

l.IO 

0.13 

6.60 

90.32 

1.22 

0.73 

12.6 

420 

Strawberries 

0.64 

0.46 

8.22 

87.66 

2.32 

0.81 

12.6 

160 

Pears 

0.36 

— 

12.00 

83.03 

4.30 

0.31 

14.0 

460 

Apples 

0.36 

— 

12.86 

84.79 

1.61 

0.49 

14.6 

485 

Cabbage (white) 

1.89 

0.20 

4.87 

89.97 

1.84 

1.23 

16.0 

1490 

Cherries 

0.67 

— 

12.91 

79.82 

6.07 

0.73 

16.5 

610 

Cabbage (red) 

1.83 

0.19 

6.86 

90.06 

1.29 

0.77 

16.6 

266 

CCOTOtS 

1.23 

0.30 

9.17 

86.79 

1.49 

1.02 

16.0 

6480 

Cauliflower 

2.48 

0.34 

4.65 

90.89 

0.91 

0.83 

18.0 

55 

Onions 

1.68 

0.10 

10.82 

86.99 

0.71 

0.70 

19.6 

975 

Grapes 

0.69 

— 

17.11 

78.17 

3.60 

0.63 

20.0 

260 

French beans 

2.72 

0.14 

6.60 

88.76 

1.18 

0.61 

20.6 

610 

Fungus 

3.61 

0.17 

3.72 

91.30 

0.67 

0.63 

22.5 

185 

Spinach. 

3.49 

0.68 

4.44 

88.47 

0.93 

2.09 

23.6 

1076 

Potatoes 

2.08 

0.16 

21.01 

74.98 

0.69 

1.09 

32.0 

4900 

MUk 

3.66 

3.69 

4.88 

87.17 

— 

0.71 

33.6 

2246 

Figs 

4.01 

— 

49.79 

31.20 

— 

2.86 

71.0 

620 

Pears (baked fruit) 

2.07 

0.36 

69.64 

29.41 

6.86 

1.67 

71.0 

600 

Apples (baked fruit) 

1.28 

0.82 

63.39 

27.96 

4.99 

1.67 

72.6 

700 

Raisins . . 

2.42 

0.69 

62.04 

32.02 

1.72 

1.21 

78.0 

390 

Rye bread 

6.11 

0.43 

49.26 

42.27 

0.49 

1.46 

81.0 

4600 

Coarse wheat bread 

6.15 

0.44 

61.12 

40.46 

0.62 

1.22 

83.0 

2770 

Haddock 

16.93 

0.26 

— 

81.60 

— 

1.31 

86.5 

1140 

Potato flour 

1.03 

— 

80.83 

17.18 



0.96 

86.0 

1300 

Army bread (Prussian) . . 

7.47 

0.45 

49.41 

36.71 

1.61 

1.46 

88.0 

— 
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Foods 

Pro- 

teids 

V. 

Fat 

Vo 

Carbo- 

hydra- 

tes 

Vo 

Water 

V. 

Fibre 

V. 

Ash 

Vo 

Units 

nutri- 

tive 

value 

per 

100 g 

No. of 
units of 
nutritive 
value ob- 
tained for 
one 

shilling 

Fine wheat bread 

7.06 

0.46 

66.68 

36.59 

0.32 

1.09 

93.6 

2220 

Eggs 

Veal liver 

12.55 

12.11 

0.55 

73.67 

— 

1.12 

99.5 

680 

17.66 

2.39 

6.47 

72.80 

— 

1.68 

101.0 

2910 

Lean veal 

19.86 

0.82 

— 

78.84 

__ 

0.60 

102.0 

616 

Lean beef 

20.71 

1.74 



76.37 

— 

1.18 

109.0 

620 

Pigeons 

Rice 

22.14 

1.00 

0.76 

76.10 

— 

1.00 

114.6 

635 

6.73 

0.88 

78.48 

12.68 

0.61 

0.82 

115.0 

1916 

Barley 

7.25 

1.16 

76.19 

12.82 

1.36 

1.23 

116.0 

2650 

Fat veal 

18.88 

7.41 

0.07 

72.31 

— 

1.33 

116.6 

730 

Hare 

23.34 

1.13 

0.19 

74.16 

— 

1.18 

120.6 

600 

Lean pork 

20.25 

6.81 

— 

72.67 

— 

I.IO 

121.6 

870 

Fat fowl 

18.49 

9.34 

1.20 

70.06 

— 

0.91 

121.6 

600 

Maccaroni 

9.02 

0.30 

76.77 

13.07 

— 

0.84 

123.0 

1636 

Smoked herrings 

21.12 

8.61 

— 

69.49 

— 

1.24 

131.0 

770 

Preserved beans (French) 

18.36 

1.54 

46.20 

20.66 

9.46 

4.78 

141.6 

260 

Biscuits 

11.00 

4.60 

73.30 

9.60 

— 

1.60 

142.0 

300 

Herrings 

18.90 

16.89 

1.57 

46.23 

_ 

16.41 

146.6 

1400 

German biscuits 

11.93 

7.47 

68.67 

10.07 

0.75 

1.14 

160.6 

380 

Sausage (liver) 

15.93 

26.33 

6.38 

48.70 

— 

2.66 

165.0 

1030 

Fat mutton 

16.62 

28.61 

0.54 

63.31 

— 

0.93 

169.6 

1116 

Fat beef 

16.76 

29.28 

— 

63.05 

— 

0.92 

171.5 

1020 

Peas 

23.15 

1.89 

62.68 

13.92 

6.68 

2.68 

174.0 

6800 

Smoked Beef 

27.10 

15.35 

— 

47.68 

— 

10.69 

181.6 

570 

Beans (field) 

26.31 

1.68 

48.33 

13.49 

8.06 

3.13 

184.0 

6140 

Fat pork 

14.54 

37.34 

— 

47.40 

— 

0.72 

184.6 

1200 

Lentils 

26.94 

1.93 

52.84 ! 

12.33 

3.92 

3.04 

188.5 

4620 

Preserved cauliflower .... 

29.97 

3.00 

30.43 

21.48 

8.34 

6.78 

189.5 

230 

Saveloy 

17.64 

39.76 

_ 

37.37 

_ 

6.44 

207.6 

660 

Cheese 

25.36 

30.25 

1.43 

38.00 

— 

4.97 

219.0 

1160 

Ham 

24.74 

36.45 

0.16 

28.11 

— 

10.64 

233.0 

770 

Butter 

0.74 

84.39 

0.62 

13.59 

— 

0.66 

257.6 

1020 

Gorman sausage 

27.31 

39.88 

6.10 

20.76 

— 

6.95 

261.6 

1500 


Formal see Mbthylal. 


Formaldehyde (Mbthylaldehyde, Methanal). H . COH. Can be pre- 
pared in many ways, as for example by passing a mixture of 
methyl alcohol vapour and air over a glowing platinum spiral or heated copper 
gauze. It is prepared on a large scale in this way, the platinum or copper 
being distributed in a finely divided condition over large surfaces of earthen- 
ware. The Pt and Cu act as catalytic agents. The formaldehyde is concentrated 
in fractionating apparatus either under the ordinary or diminished pressure. 
Fractionating columns are used of such form that liquid and gas come in 
contact with earthenware above. Certain details concerning its manufacture 
are preserved as trade secrets. 

It is interesting to observe that formaldehyde is formed by the electrolysis of 
dilute methyl alcohol and also when ozone is passed through the same substance. 

According to Amer. Pat. 774824 formaldehyde may be obtained by passing 
methane over heated ferric oxide, and according to French Pat. 352687 
methane may be oxidized by hydrogen peroxide or Caro's reagent. 

According to Germ. Pat. 185932 formaldehyde is prepared by passing a 
mixture of Formic acid vapour and hydrogen over metws (e. g. Fe, Ni, Zn, rb) 
or over glass, pumice, &c. at a high temperature (up to 300®). 
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Formaldehyde was, until recently, only kno^vn in the form of an aqueous 
solution or as a gas. It is now almost always obtained commercially as a 
40 % solution, which contains from 12 to 15 % methyl alcohol, the presence 
of which prevents the separation of polymers. 

Pure formaldehyde is a gas solidifying at — 92®. At — 20® the S. G. is 
0.8513. B. P. — 20.6®. It polymerizes very readily (on heating in an open 
vessel, for example) with formation of Tbioxymethylbnb (metaformaldehyde) 
(CH20)3 and Paraformaldehyde (CH20)n. 

It is possible that paraformaldehyde and metaformaldehyde are identical, 
their exact constitution being unknown. They are solid crystalline substances 
which on heating give formaldehyde, and they are therefore used in the 
form of tablets or pastilles for disinfecting purposes. (These tablets are 
burnt in lamps of special construction and give off formaldehyde vapour). 
Paraformaldehyde is also used medicinally under the names Triformol 
and Paraform. 

Formaldehyde is obtained in a solid form (Germ. Pat. 163323) by mixing 
with a small quantity of soap. The formaldehyde preparations thus obtained 
are free from polymeric modifications and are used as disinfectants. A similar 
result is obtained (English Pat. 23460 — 1902) by mixing trioxymethylene 
with sodium sulphite. 

According to Germ. Pat. 155567 a solid derivative of formaldehyde and 
dextrine, soluble in water and easily powdered, can be prepared by evaporating 
dextrine and a solution of formaldehyde on the water bath and drying the 
syrupy mass in vacuo over some drying agent. The preparations so obtained 
contain 30 — 60 % formaldehyde and have the same chemical and physiological 
action as the pure substance. 

Formaldehyde, mainly in the form of paraformaldehyde is obtained (Germ. 
Pat. 183856) by heating tin formate to 180®. The paraformaldehyde can be 
obtained by sublimation. 

Formaldehyde has a very pungent odour. Its vapour is a powerful dis- 
infectant. Both in the state of vapour and in solution it is used as a preservative 
for meat and for the disinfection of sick-rooms. For the latter purpose, 
the method known as Autan -Disinfection is of great importance. Autan 
is a mixture of polymers of formaldehyde with metallic peroxides (e. g. BaOj) . 
The mixture to which some substance such as NagCOg is added, is made into 
the form of pastilles. When these are treated with water, dense fumes of 
formaldehyde vapour and water are evolved without any great rise of tern- 

S erature. This method which is a very convenient one for disinfecting and 
eodourizing rooms, is protected by Germ. Pat. 178053 and French Pat. 366605. 
The supplement to Germ. Pat. 181509 recommends the use of perborates &c. 
instead of peroxides 

In addition to the above uses formaldehyde is employed to sterilize beverages, 
to preserve biological specimens, to harden gelatine for cotton printing, and 
in tanning for the rapid hardening of the hide and rendering it insoluble. 
Further, because of its great reactive and condensing power formaldehyde is of 
considerable importance in organ c synthesis, more particularly in the pre- 
paration of coal-tar colours, for which purpose it is combined with aniline 
to form Anhydroformaldbhydbaniline, cf. Fuchsinb. The property 
which formaldehyde possesses of combining with compounds of the proteids to 
yield completely insoluble and very stable substances, has caused it to be used 
for many purposes. In this way by its action on caseine, substances of a 
hom-like nature are obtained, and by its action on gelatine, photographic 
films are prepared. 

Test. The methods for the quantitative estimation of formaldehyde are 
very numerous. A simple one is that of Blank and Finkenbbineb which 
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depends upon the oxidation of formaldehyde with HjOg in alkaline solution 
according to the equation 

2 HCOH + 2 NaOH + HA == 2 H . COONa -f 2 H^O + 

To carry out this test 3 g of liquid or 1 g of solid formaldehyde are placed 
in a tall Erlenmeyer flask with 25 ccm of 2 N . NaOH solution. In the 
course of about 3 minutes 50 ccm of HgOj are added, a funnel being 
placed in the flask to avoid loss by spurting. After 2—3 minutes the funnel 
la well washed with water that has been boiled and allowed to cool, and the 
excess of alkali back-titrated with 2 N . H2SO4. 1 ccm of the alkali corresponds 
to 0.06 formaldehyde. It is important that the HgOg used should be at least 
2.5 %. The strength can be determined by titration with Vio N KMn04. 
The amount of free HCl or H2SO4 must be previously determined and the 
amount found taken into account in the calculation. 

For the estimation of methyl alcohol in commercial formaldehyde M. Stritar 
adopts the following method (Chem. Ztg. 1904, Repert. 283). 5 ccm formal- 
dehyde solution are diluted with 100 ccm HgO, treated w ith am excess of NH3 
(generally 10 ccm of 12 % NH3 are sufficient) and the mixture distilled. 50 ccm 
of the distillate are collected in a 100 ccm flask, acidified with acetic acid and 
made up to 100 ccm. In 5 ccm of this solution, which contains only traces of 
formaldehyde, the methyl alcohol is estimated by the iodide method. It has 
been shown that traces of formaldehyde have no effect on the result obtained. 

Formic aldehyde (Formaldehyde): 

Hugo Blank, Berlin W, 35. 

Formaldehyde gelatine see “Glutol“. 

Formaldehyde soaps. Soft soaps obtained by mixing formaldehyde with 
oils, or hard soaps, prepared from formaldehyde with soda or potash soaps. 

Formaline see “Formaldehyde**. 

Formaline sapene (cf. Sapene) is employed in 10—20 % solution as a 
remedy for perspiring feet, and in 3 — 5 % solution as a preventive of the 
night-sweats of tuberculosis. 

Formaline soaps (Name protected in Germany. No. 52607 and 60138). 
Put on the market as liquid, solid or semi-solid, and as formaline cream. 

Liquid formaline soap is a mixture of olive oil, alcohol, and essential oils 
with 10 — 25 % liquid formaldehyde (formaline). 

Solid formaline soap consists of neutral soap, 5 % parafornialdehyde 
and perfume; it is prepared by grinding and mixing in pill machines. 

The soft formaline potash soap is prepared from linseed oil and KOH by 
adding 10 % liquid formaldehyde; powdered formaline soap by adding 5 % 
fornialdehyde to neutral soap-powder; and formaline cream by adding 10 % 
liquid formaline to lanoline. 

Formamint. A compound of formaldehyde and milk sugar. It is used in 
the form of tablets (each containing 0.01 g formaldehyde) as a remedy in 
(^ases of disease of the mouth and throat, as a mouth-disinfectant, and as a 
preventive of infection (the tablet is allowed to dissolve slowly in the mouth). 
The action of gargles is intensified by the addition of formamint. 

Forman, Chlormethylmenthylether. Prescribed as a remedy for colds. 
Formates see ‘*Formio acid“. 
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Formic acid. H . COgH. Occurs naturally in ants, certain caterpillars, 
pine-needles and the stinging hairs of nettles. It is not as a rule prepared 
from these substances (by distillation with water) but is synthetically obtained. 
Crystallized oxalic acid is heated under a reflux condenser with anhydrous 
glycerine, and the resulting formic acid removed by distillation. Recently 
sodium formate has been prepared by the GoLDSCHMiDT-method, i. e. by the 
action of CO (producer gas) on powdered caustic soda. The cost of production 
by this method is so low, that now oxalates (see Oxalic Acid) can be prepared 
from the formates, whereas before the formates were prepared from the 
oxalates. An improvement is described in the French Pat. 342168; NaOH 
Solution is introduced into a vessel filled with coke and CO is blown through 
the mixture at 200®, or Na^CO^ solution at 220® is used and the CO blown 
through for a longer time. In place of NagCOg, Na 2 S 04 may be used. For the 
preparation of calcium formate milk of lime is used, but in this case 
a higher temperature is necessary — 260®. French Pat. 367088, an im- 
provement on Germ. Pat. 86419, consists in carrying out the process in pre- 
sence of definite quantities of water. The NaOH need not be in the form of 

{ )owder or solution (according to Germ. Pat. 179615) but may be used in 
arge pieces which are subjected to the action of CO at a temperature of 
100 — 120® under pressure. The formate scales off from the NaOH thus exposing 
a fresh surface. The violent nature of the reaction makes cooling necessary. 

An extraordinary method is proposed by French Pat. 352687, according 
to which methane is oxidized by Caro's reagent to formic acid in presence of 
manganic salts. 

Formic acid that is almost anhydrous can be prepared from its salts (French 
Pat. 341764) by treating them with cooled H2SO4 in presence of formic acid 
itself. The method appears to be a good one since it was formerly possible 
to obtain anhydrous formic acid by the action of H2SO4 on formates with 
repeated distillation over H2SO4. In this way a considerable amount of the 
acid was destroyed. A simUar method is proposed by Germ. Pat. 169730 in 
which the formate is dissolved in cone, formic acid and then heated with cone. 
H2SO4. The formic acid as solvent may be replaced by cone, acetic acid, 
and the cone. H2SO4 by acid sulphates (supplements to Germ. Pat. 182691 
and 182776). French Pat. 367316 is similar to the last-named. 

Formic acid is a mobile transparent liquid which solidifies on cooling. 
M. P. 8.6®. B. P. 99®. S. G. 1.223 (at 0®). It has a pungent acid odour and 
produces bums and blisters on the skin. Formic esters are obtained from 
sodium formate by distillation with the alcohol and H2SO4. 

Test. The acid is titrated in aqueous solution with NaOH (phenolphthaleine 
as indicator). HCl and oxalic acid are tested for by means of AgNOg. After 
saturation with NHg the solution should show no change bn the addition of 
CaClg solution. Acroleine and allyl alcohol are tested for by neutralizing with 
NaOH, after which no pungent or acid smell should be noticeable. 

Formic Acid: 

C. Erdmann. Leipzig-Lindenau. 

Heyraann, Qaismann & Co., Bradford. 

NH 

Formicine (Formaldehydeacetamide) CH, . Cf is prepared 

^0 . CHj . OH 

(Germ. Pat. 164610) by the action o^ormaldehyde on acetamide. It occurs 
as a colourless syrupy liquid. It has an antiseptic action and is used chiefly, 
in varying concentrations, for injections in tuberculous regions, as a disinfectant 
for wounds and in antiseptic surgery generally. 

Formine see ‘‘Hexamethylenetetramine''. 
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Formobor. Aqueous 4 % solution of formaldehyde and 1.6 % borax. Re- 
commended as a disinfectant, particularly for articles used in hair dressing, &c. 

Fonnurol. A compound or mixture of hexamethylenetetramine and sodium 
citrate. It is a white powder soluble in water with a pleasant taste. Administ- 
ered in doses of 1 g several times daily in cases of gout and urinary trouble. 

Formysole. A disinfectant related to lysoform (see special article). It is 
a glycerine potash soap with an addition of 10 — 26 % formaldehyde. 

Fortoin. Obtained by the action of formaldehyde on cotoine (active principle 
of coto bark) ; prescribed internally in cases of diarrhoea. Its effect is especially 
beneficial when used in chronic catarrh of the bowels. 

Fossil meal see Infusorial earth. 

Fossil resins see “Resins, fossil*'. 

Fractionating apparatus see “Distillation “Rectification**. 

Fractionating apparatus: 

Volkmar llaenig & Comp., Heidenau-Dreaden, Germany (see front part advt,). 

Friedrich Heokmann, Berlin SO 16, Briickengtr. 6b (gee advtg.). 

Frankfort black. A paint valuable for its covering properties ; used also in 
copper printing processes. The finest kinds are obtained by carbonising 
wine yeast, medium kinds by carbonising and extracting wine residues, 
inferior kinds by mixing better qualities with charcoal, soot, &c. 

Freezing mixtures see **Ice*‘. 

I^rostine preparations. Mixtures containing bromocoU (q. v.) used externally 
for chilblains, &c. Frostinb Balsam is a solution of 1 part bromocoU in 
10 parts collodion with the addition of 1 part alcohol and % part tincture 
of benzoin. Frostinb salve is a 10 % bromocoU resorbin ointment. 

Fruit essences. Dilute alcoholic solutions of different esters the aromas 
of which resemble those of various fruits. They are chiefly used in confec- 
tionery and the manufacture of liqueurs; the most important constituents 
are the following: 

Ethyl nitrate, acetic ester, butyric ester, benzoic ester, amyl nitrite, amyl 
acetate, amyl valerate, amyl caproate, methyl benzoate (niobe oil) and methyl 
salicylate (oil of wintergreen). 

The compositions of the most common fruit essences are: 

1. Apple. 60 g ethyl nitrate, 50 g ethyl acetate, 100 c amyl valerate, 

g glycerine, 7.6 g aldehyde, 7.5 g chloroform, 745 g alcohol. 

2. Apricot. 35 g benzaldehyde, 190 g amyl butyrate, 10 g chloroform, 
765 g alcohol. 

3. Cherry. 16 g amyl acetate, 8 g amyl butyrate, 10 g benzaldehyde, 

2 g oil of cinnamon, 2 g oU of lemon, 2 g oil of cloves, 1 g oU of sweet orange; 
960 g alcohol. 

4. Peach. 100 g amyl valerate, 100 g amyl butyrate, 20 g ethyl acetate, 
10 g benzaldehyde, 770 g alcohol, 

6. Pear. 200 g amyl acetate, 60 g ethyl acetate, 100 g ethyl nitrate, 20 g 
glycerine, 630 g alcohol. 

6. Pineapple. 25 g ethyl butyrate, 135 g amyl valerate, 6 g chloroform,. 
5 g aldehyde, 830 g alcohol. . ^ ^ 
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7. Raspberry. 60 g pear essence, 15 g chloroform, 9g ethyl acetate, 
6 drops oil of roses, 2 drops oil of cinnamon, 2 drops Portuguese oil, 100 g 
essence of violets, 600 g raspberry essence, 216 g alcohol. 

8. Strawberry. 27 g amyl acetate, 18 g amyl valerate, 9 g amyl butyrate, 
9g amyl formate, 15 g ethyl acetate, 7g essence of violets, 915 g alcohol! 

Fruit juice. A new method is protected by Germ. Pat. 153561. The fresh 
coloured fruit is after crushing well covered and allowed to stand in a warm 
room for 24 hours, when it is pressed. The expressed juice is sterilized by 
steam at 90—95° and then filtered. In order to introduce the Juice into the 
sterilizer and also to suck it through the filter a vacuum apparatus is 
employed. The filtered juice is placed in vessels for transport, without 
the admission of air. In case of colourless fruits the pressing is performed 
at once, without preliminary standing in the warm chamber. 

According to Germ. Pat. 184760 the aromatic constituents may be extracted 
by chloroform. The solvent is distilled oil in vacuo, and the residue purified 
with alcohol. 

Cf. Temperance Beverages and Lemon Juice. 


Fruit sugar. Formerly no cheap process of obtaining fruit sugar was known. 
It can be prepared however (Germ. Pat. 143540) from Inuline which occurs in 
considerable quantities in the roots of chicory [Cichorium) and other plants. 
The method is not new, but the present process avoids the isolation of the 
inuline (an expensive operation) and directly converts the plant juice or an 
aqueous extract into fruit sugar. The washed and finely -divided roots of the 
chicory are mixed with luke-warm water, and heated in a boiler fitted with 
stirring apparatus to 60 — 70°. This treatment is repeated three or four times 
until the residue contains no inuline. The aqueous extract is acidified with 
dilute HCl and quickly heated to 80° in order to separate the proteid and 
pectine substances. In the hot filtrate the inuline is converted into laevulose 
by treatment with HCl. 

When quite cold the solution is heated with pure powdered quicklime. 
The calcium compound of laevulose is precipated while the corresponding 
dextrose compound remains in solution. The excess of CaO is converted into 
CaCla which also dissolves. From the washed and purified calcium compound 
pure laevulose is obtained. 


Fuchsine (Ruby, Magenta, Azalbine, Aniline Red, &c.). This is a mixture 
of the salts of rosaniline (triparaamidodiphenyltolylcarbinol) and pararosaniline 
(triparaamidotriphenylcarbinol). The commercial article generally consists 
of the hydrochlorides, but the acetates, nitrates ana sulphates are 
also used. It is usually prepared from “Red oil” or “Aniline oil for red” 
(see “Aniline”) which is a mixture of 1 part aniline with 2 parts toluidine 
(approximately). The conversion of red oil to fuchsine was formerly carried 
out only with arsenic acid. At present, however, this process is almost entirely 
abandoned because of the arsemc contained in the product. Nitrobenzene and 
formaldehyde have taken the place of arsenic acid. 

In the nitrobenzene process the red oil is first partly or completely converted 
into hydrochloride. The oxidizing agent is nitrobenzene or a mixture of nitro- 
benzene and nitrotoluene : metallic iron or ferrous chloride serve as carriers 
of oxygen. The action is represented by the following equation, though the 
details are uncertain: 


CH, . C,H4 . NH, -f CH, . C,H4 . NH, . HCl -f C,H, . NO, 
o-Toluidine p>Toliiidiae hydrochloride Nitrobenzene 
CH, . C.H, . NH, + C,H, . NH, . HCl + CH, . C.H.NO, 
o-Toluidine aniline hydrochloride o-NitrotoIuene 

CH, . C,H4 . NH, -f C,H, . NH, . HCl -f CH, . C.H, . NO, 

o-Toluidine aniline hydrochloride p-Nitrotoluene 


= C„H,.N, . HCl + 2 H,0. 
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In one operation 300 — 1200 kg red oil are used; % of it is mixed with the 
nitro mixture while the other % of the red oil are exactly neutralized with 
HCl, evaporated and then put into in a closed vessel with a stirring apparatus. 
Heat is applied, Fe (or FeClj) added, the lid is fitted and more 
heat applied. The actual fuchsine melting takes place at about 160°, and a 
vivid bronze green tone appears. The crude fuchsine obtained is broken up 
and extracted with HgO. The filtrate is put into large vats with common salt 
when the fuchsine is precipitated. It is purified by repeated crystallisation 
from water with addition of HCl. 

Various by-products are formed in the fuchsine process ; and in this respect 
the formaldehyde process appears to be of greater value. From aniline and 
formaldehyde first anhydroformaldehydeaniline, CgHg . N : CH2 is formed 
which is transformed to diamidodiphenylmethane by heating with aniline and 
aniline salts. By oxidising this product together with aniline or one of its 
homologuea fuchsine is formed. 

By sulphonating fuchsine or rosaniline with fuming H2SO4 or chlorsulphonic 
acid, acid fuchsine (acid ruby, fuchsine S, ruby S) is formed, which is sold in the 
form of its acid salts. 

Quite recently fuchsine has also been obtained electrochemically, by electro - 
lytically reducing the corresponding nitro leuco-derivatives of the 
triphenylmethane series in presence of acids, clay diaphragms being used. The 
essential condition for the success of the reaction is that the nitro group must 
bo in the para position to the methane group. 

Wool is dyed with fuchsine in neutral or soap baths, silk in slightly acid 
boiled-off baths and cotton on tannin-antimony mordant, on tannin-tin-salt 
mordant, more rarely on oil-alumina mordant; with acid fuchsine silk and 
wool are dyed in acid baths. 

Fucole. The trade name for a preparation of iodine-containing sea-weeds 
which are broken up, roasted until they can be easily powdered and then 
mixed with sesame oil. It is suggested as a substitute tor cod-liver oil. It 
contains, however, only a trace of iodine, is not so easy to emulsify as cod- 
liver oil, and on the whole is very similar to sesame oil 

Fuel. The solid fuels are wood, charcoal, peat, brown coal (lignite), and 
coal. Under coal are included briquettes. Petroleum is the only liquid fuel 
used to any extent. 

Amongst gaseous fuels may be mentioned coal gas, oil gas, wood gas, pro- 
ducer gas, water gas, and acetylene. 

Electricity as a heating agent holds a position quite apart from the above 
mentioned substances. 

Solid fuels still retain the dominant place, and of these coal and brown coal 
are the most important. Heating by coal gas is really only another method 
of heating with coal. The amount of heat generated while burning determines 
the value of a material as a fuel. The essential constituents of all fuels are 
carbon and hydrogen. The products of combustion are HgO and CO*. In 
determining the heat a distinction must be made between the amount of heat 
developed from the fuel (total heat, power of combustion and absolute heating 
effect) and the temperature which the fuel attains, by assuming that the 
initial temperature is 0°. 

The amount of heat liberated is less when instead of the ultimate products 
of combustion given above, an intermediate product is formed, that is when 
from C only CO is formed instead of CO* or when CO2 is formed from CO. 
On the other hand, the hea|t evolved by ouming is always the same when 
passmg into another combination whether the latter results in one process 
or whether it takes place in several phases. By heat of combustion or absolute 
neatmg effect is understood, not the entire amount of heat developed during 
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the process of combustion, but only that part which appears as free heat, 
the remainder being itself used in the process of combustion. 

Whilst the carbon and hydrogen in the fuel by their oxidation give rise 
to a development of heat, the oxygen and nitrogen present are, on the contrary, 
detrimental, the nitrogen simply as an inactive agent, the oxygen because of 
its combination with so large a part of the hydrogen of the fuel which would 
otherwise evolve heat (heat of formation). Further the value of a fuel is 
influenced by the amount of hygroscopic water, present since this requires 
heat for its evaporation. Finally also the processes of reduction which occur 
under certain conditions lower the value of the fuel. The combustion of 
C to CO and then of CO to COj is an exothermic process, that is one in which 
heat is developed, whilst the reduction of COg to CO is endothermic, that is. 


heat is absorbed during the proems. The unit of heat — a calorie — is that 
amount of heat necessary to raise the temperature of 1 kg of HjO from 0° to 1 
The following are the most important values: 

1 kg C on burning to CO gives 2437 Heat units. 

“ “ “CO, “ 8080 “ 

I kg CO on burning to CO, gives 2403 “ “ 

1 kg H converted into steam 29100 “ “ 

“ “ water 34600 “ 


To calculate the heat of combustion of a fuel, Dulono recommends an 
elementary analysis of the material. If analysis shows the presence of C % 
carbon, H % hydrogen and 0 % oxygen, the heat of combustion, C, of the 
material (assuming that the hydrogen is converted into liquid water) is: 

0 
8 


If however the hydrogen is converted into steam the formula is as follows : 
8080 C + 29100 


8080C + 34500 ( 
iooT 


Dulono's determination is in practical use more especially for the calculation 
of the heat of combustion of coal. By taking into account the contents of S 
(which is always present to some extent) and the amount of heat necessary 
to evaporate the hygroscopic water, W, which (is 652 heat units) the result 
will be in round numbers the general formula employed for the calculation 
of the theoretical heating effect of coal: 

H — + 2600 S — 600 W 

ioo 

For the exact determination of the absolute heating effect, a direct 
estimation is made with a calorimeter. See Caloeimbtry. Concerning the 
solid fuels, the following remarks may be added. 

Wood. As the result of a §reat number of separate analyses, the average 
composition of the common kmds of wood has been shown to be as follows: 



C 

H 

0 

ash 

H,0 

Wood, air-dried 

. . 36.6 

4.8 

34.8 

0.8 

20 t 

“ free from water 

. . 49.6 

6.0 

43.6 

1.0 

■ — 

” and aah . . . 

. . 60.0 

6.0 

44.0 

— 

— 


8000 0 + 29000 
C = 


The calorific power of wood with 20 % water is taken as 2800 heat units. 
Peat. The average composition of peat (after removal of earthy sub- 
stances, &c.) has been determined as 61 % C, 6 % H, and 33 % 0. 
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The water present iri fresh peat may amount to 80 %. This on air drying 
decreases to 25 — 30 %. Granting that all the 0 present is in the form of HjO 
the following constituents can be calculated for air-dried peat after subtraction 


of the ash; 

Carbon 45.0% 

Hydrogen 1-6 % 

Water chemically combined 28.6 % 

Hygroscopic water 25.0 % 


The heating power of peat with 30 % of water is accepted as 3700 heat units. 

Further compare the article on Peat. 

Lignite or Brown Coal. A distinction is drawn between lignite, fossil 
wood, moor coal (earthy brown coal), and real brown coal. The elementary 
composition varies. Durre gives the following proportions for the different 
varieties : 

C HO and N. 

Fibrous brown coal (fossil bituminous wood) .... 57 — 67 % 5 — 6 % 37 — 38 % 

Earth brown coal (rotten and loose coal) 45 — 70 % 0 — 5 % 30 — 25 % 

Conchoidal brown coal 65 — 75 % 6 — 4 % 29 — 21 % 

Oily brown coal 70 — 80 % 6 — 8 % 24 — 12 % 

Lignite and moor coal contain 25 — 30 % water and 4 — 10 % of ash. The 
calorific power is 3000 — 3500 units. In a very dry condition brown coal still 
contains 10 — 20 % water and 4 — 10 % of ash. The calorific power amounts 
on an average to 5000 heat units. 

Brown Coal Briquettes see Briquettes. 

These have about the same calorific power as medium brown coal. 

Coal. From the appearance of the coke produced, Schondorff distin- 
guishes five kinds of coal. 

The surface of the coke cake produced in the platinum crucible shows: 


Rough 
sandy, fine 
black 


loose throughout or at least up to the 

edges 

loose only in the midde 

coked throughout 


Grey and firm, “opening out“ 


Smooth and firm with a metallic lustre 


I. Sandy coals. 

II. Slagged non-caking coal. 

III. Slag coal. 

IV. Slag forge coal. 

V. Smith or fat coal. 


Of these groups number V is specially adapted for making coke and gas 
and for use in smelting. For gas manufacture a coal would be chosen giving 
the least possible amount of coke, while for smiths’ fires and for making coke 
that yielding the largest amount of coke is desirable. Bituminous coal can 
also be used for the above purposes but not to the same advantage. The coals 
belonging to group IV and V nave the peculiarity of swelling and puffing up 
in very varying degrees. The coals of the first groups are only fit for steam- 
boilers, reverberatory furnaces, and for domestic use. 


Average composition of the most important kinds of coal. 

i I I I I I H ,0 in 


Situation of mines I C 


Upper Silesia 

70.81 

Saxonv 

77.88 

British bituminous coal 

79.71 

Other bituminous coals 

83.00 

British non-caking coal 

81.67 

Other non-caking coal 

83.37 

Cannel coal . . 

80.73 

Anthracite . . 

90.19 


Blucher, 


H 

0 

NandS 

Ash 

air-dried 

coal 

6.10 

9.14 

0.79 

0.67 

4.40 

4.27 

11.30 

0.92 

6.30 

6.18 

6.26 

10.38 

2.90 

2.12 

— 

6.10 

7.19 

— 

4.09 

— 

4.89 

8.16 

1.24 

1.13 

0.73 

4.63 

8.60 

— 

4.14 

— 

5.08 

6.55 

1.92 

4.68 

— 

2.82 

2.14 

0.99 

2.63 

— 
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The calorific power of medium coal is calculated as about 7600 units. That 
of anthracite amounts to about 8100 heat units. 

Coke. Details of manufacture see Coke. 

The compositions of the different kinds of coke vary greatly. 


Place of manufacture 

C 

H 

0 

S 

Ash 

GERMANY: 







Westphalia 

83.49—91.77 

0.74—1.26; 

0.04—7.66 

6.40—10.31 

Saar 

86.46 

1.98 ' 

3.02 

8.54 

ENGLAND: 






Durham 

84.36—93.15 

0.19—0.72 

0.30—7.30 

0.70- 

-9.15 

AMERICA: 






Pensylvania 

84.73—89.58 

0.10—0.33 

0.46—1.38 

0.82—2.11 

9.11—1.3.31 

Ohio 

90.63—93.75 

— 



0.27—0.87 

5.38- 8.3i 

Alabama 

84.04—88.22 

0.36—0.68 

0.66—0.99 

0.45—0.56 

11.32—15.2: 

BELGIUM: 






Seraing 

80.85 

0.51 

2.13 

16 

.51 

Mons basin 

91.30—91.59 

0.33—0.47 

2.05—2.17 



5.89— 6.2( 

AUSTRALIA: 






New South Wales . . 

84.21—90.88 

0.31—0.69 

0.33—0.53 

0.42—0.59 

7.93—14.0: 


The amount of hygroscopic water in the different kinds of coke varies, 
after storing under cover, from 5 to 10 and increases in damp surroundings 
to 18 or even over 20 %. The calorific power of coke with an ash content 
of 16 % is calculated as 6800 heat ipgts. Cokes with less HgO evolve more heat. 

As a means of comparing the different fuels, the following table shows the 
absolute heating effect of the various kinds mentioned. 


Perfectly dry wood 

3750 

H. U. 

Petroleum residues .... 

... 11020 H.IJ. 

Air -dried wood 

2900 


Hydrogen 

. . . 29100 “ 

Charcoal 

7500 

(1 

Methane 

. . . 12700 “ “ 

Perfectly dry peat 

5000 

K U 

Ethylene 

. . . 11100 “ “ 

Air-dried peat 

3600 

<i U 

Coal gas 

. . . 10600 “ “ 

Peat charcoal 

6500 

<< ii 


1070 “ ‘ 

Brown coal 

6400 


Carbon monoxide 

. . . 2403 “ “ 

Dry coal 

6900 


Alcohol 

. . . 7183 “ “ 

Ordinary coal 

8100 

a (< 

Ether 

. . . 9027 “ “ 

Bituminous coal 

8300 

CC (( 

Methyl alcohol 

. . . 5310 “ ' 

Anthracite 

8000 

(t 

Turpentine oil 

. . . 10850 “ “ 

Coke 

7100 

CC 1C 

Sulphur 

. . . 2165 “ 

Heavy Pennsylvania crude oil 

11520 

<< i( 

Rape oil 

. . . 9500 “ “ 

Heavy Caucetsian crude oil . 

11188 

CC CC 

Lard 

. . . 9380 “ “ 

Light Caucasian crude oU . . 

12240 


Tallow (beef) 

. . . 9367 “ “ 


The temperature (Centigrade) reached by complete combustion of a fuel 
at a temperature of 0® and a pressure of 760 mm Hg, is called heat intensity, 
pyrometric heating effect or combustion temperature. This does not depend 
only on the amount of heat developed during the process of burning but also 
on the amount and the sj^ecific heat of the products of combustion. A high 
combustion temperature is favoured by complete combustion and the pro- 
duction of a residue of low heating value. These conditions can be best secured 
by warming the fuel and air before burning, by limiting the amount of air, and 
by the use of dry air and fuels with small ash and water contents. 

The determination of the temperature of combustion is made by means of 
a pyrometer. 
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Fuels (Liquid) see “Mazutb**. 

Fuller's earth. A hydrosilicate of magnesium and aluminium which possesses 
strong decolourizing properties. It is used for decolourizing animal, vegetable 
and mineral oils and fats. It occurs as granular masses of different sizes and 
also as a powder of varying degrees of fineness. 

Fulminates. Salts of^fulminic acid C : NOH, a substance which has been 
little investigated. Silver and mercury fulminates are the most important. 

1. Mercury Fulminate. Hg(C : N . 0)2 + ^4 HgO. Is prepared by 
dissolving Hg in excess of HNO 3 and allowing alcohol to act on the solution. 
The fulminate separates in very small white needles which be purified by 
washing with water. To avoid explosions it is kept under water. It can be 
made to explode by rubbing, by a sudden blow or by heating to 190®. Mixed 
with nitre and sulphur it is used for filling percussion caps. 

2. Silver Fulminate. Ag 2 (C : N . 0 ) 2 . Prepared similarly to the above. 
Even greater care must be taken as it is extremely explosive. It is used for the 
preparation of crackers and detonating balls. 

Fusel oil. By-product of alcoholic fermentation, especially in the preparation 
of ‘potato spirit and in the rectification of alcohol. It is an oily liquid 
which floats on the surface of the residue left in the distilling apparatus. 
The chief constituents of potato fusel oil are amyl alcohol, various esters, 
furfurol, &c. Further details will be found in the article on “Amyl Alcohol". 

Furnaces. According to the method of heating a distinction is drawn 
between 1 . furnaces in which the substances to bo heated are in direct contact 
with the fuel, i. e. those which have no special heating arrangement; 
2 . furnaces in which the substances come in contact with the flames only 
and are heated by these and the hot furnace walls; and 3. furnaces in 
which the substances are contained in vessels heated externally. 

To the first class belong hearth and shaft furnaces. 

1 a. Hearth Furnaces consist of low fire-places or hollows, either com- 
pletely open or closed in by low walls on one or several sides. The combustion 
of the fuel which is in direct contact with the substances is effected either 
by natural draught or by an air blast. 

1 b. Shaft Furnaces are of masonry, and are tall in proportion 
to the width. The upper opening is used to introduce the fuel and the sub- 
stances to be heated. The solid and liquid products are removed through 
openings at the base of the shaft. The fuel is burnt by air introduced at the 
bottom (either by suction or by blowing); the combustion gases escaping 
at the top pass, on their way, over the material to be heated. Shaft furnaces 
are used for roasting (Roasting furnaces), smelting (smelting furnaces), and 
for evaporation. Shaft furnaces more than 4.5 m in height are also called 
blast furnaces. Frequently shaft furnaces are much like those to be mentioned 
in class 2. In these cases they have a separate firing place and only the 
flames enter the shaft. Finally, shaft furnaces are also heated by producer 
gas or gas fuel. CHipola furnaces are also shaft furnaces; they are used for 
melting cast iron in casting works. 

2 . Furnaces in which the substances to be heated come in contact only 
with the flames are called reverberatory furnaces, because the heat is reflectea 
from the hot furnace walls. Reverberatory furnaces can be classed as of the 
shaft type (discussed above), or as real reverberatory furnaces. They are 
png and wide in proportion to the height, with a horizontal or only slightly 
mclined bed, in wmch the substance to be heated is separated from the fuel 
oy a wall (fire bridge), so that it is only touched by the flames. Gas fuel is 
also very frequently used in reverberatory furnaces. 


19 * 
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Fubnacbs electric. 


3. There are also furnaces provided with vessels to contain the substances 
to be heated. The hearth is sometimes shaft-like, dome-shaped, or conical. 
The vessels are of various forms; they may be crucibles, retorts, pipes, 
boxes, &c., thus giving rise to distinctions between crucible furnaces, retort 
furnaces, pipe furnaces, &c. 

Furnaces: 

Willy Manger, Dresden, Germany. 

Combustion furnaces with Benzene firing; 

Gustav Barthel, Dresden*A. 19 (see front part advt.}. 

Crucible furnaces: 

Gustav Barthel, Dresden- A. 19 (see front part advt.). 

Muffle furnaces: 

Gustav Barthel, Dreaden-A. 19 (see front part advt.). 

Furnaces, electric. The heating of substances in electric furnaces is either 
effected by the resistance (low voltage and high current strength) or by 
means of the electric arc (high voltage, low current strength). According to 
Borchers (“Entwicklung, Bau una Betrieb elektrischer Ofen"') we have 
to distinguish between; 

I. Heating by resistance. 

1. The substance to be heated is itself included in the circuit as part of the 
resistance. 

2. The substance to be heated is in contact with an electrically heated 
resistance. 

II. Arc heating. 

1. The substance to be heated forms one or both poles of an arc. 

2. The substance to be heated is placed in a space lieated by an arc. 

Furnace gas testing apparatus: 

Optical analysis according to Prof. Haber: Prosp. Carl Zeiss, Jena (Germany). 


G 

Gadose. A grease prepared from cod -liver oil and lanoline. It forms yello- 
wish crystals M. P. 37.5°; iodine number 43.7; saponification number 152; 
acid number 0. Mixes with glycerine in all proportions and can be used as an 
ointment basis since it mixes well with most drugs. 

Galalith. The trade name for a horn or celluloid-like substance. The 
method of preparation is protected by various patents. The most important 
of these are the Germ. Pats. 115681, 127942, 141309 and 147994. 

Briefly, galalith is obtained by the action of formaldehyde on caseine. 
Separated milk is treated with alkali carbonates when a solution of caseine 
is obtained. This is clarified, the casein precipitated with acids, filtered, 
partly dried by pressure and then dried very slowly. The actual drying takes 
weeks or even months. The plates so obtained are saturated with formaldehyde 
and again dried. The finished product so obtained is a yellowish-white, very 
translucent substance of hom-like toughness. If a coloured, or marbled 
preparation is required the dyes are added to the caseine solution, or cork 
powder, soot, cellulose, earthy substances are thoroughly incorporated with 
the precipitated caseine, or le^ acetate, &c. are used instead of acids for the 
precipitation. 

According to Hassaok galalith has a S. G. 1.317—1.35; its hardness is 
2.5 according to Mohrs' scale. It is a strong electric insulator, can be worked 
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cold, and, when warmed with water, can be kneaded and moulded. 
An advantage over celluloid possessed by this substance is that there is no 
smell of camphor and that it is not easily inflammable. On the other hand 
it cannot be obtained perfectly transparent nor in very thin leaves. The 
thinnest leaves obtainable are at least 2 mm in thickness. 

Galalith is already fairly well known, and is certain to be used more widely 
in the future. 

Galbanum. A gum obtained from Ferula galhaniflm of the Caspian area 
and from other plants. Occurs in gre3rish or brownish granules or pieces, 
or sometimes in the semi-liquid form. It has an aromatic, but rather unpleasant 
odour and a bitter taste. It is used in medicine as an irritant and also in the 
preparation of adhesives. Acid number (direct estimation) 6 — 70; ester 
number 50 — 180; saponification number (determined hot) 75 — 245; total 
saponification number 107 — 123; methyl value 3.7; ash 1 — 30%; (more 
than 10 % is not allowed) ; loss at 100® C. 1 — 30 %. Only partially soluble 
in indifferent solvents. Water dissolves 20 % and alcohol up to 90 %. 

Gallic acid, trioxybenzoic acid. CeH2(OH)3 . COg + HjO. This acid is 
frequently found together with tannins in various plants, especially in galls. 
It is extracted by water from various parts of the plant, the decanted extract 
is allowed to ferment and then the gallic acid which separates crystallized 
from boiling HjO. The ferment decomposes the aqueous solution of tannic 
acid into gallic acid and COg. 

Recently gallic acid has been obtained by decomposing tannin with dilute 
H2SO4 or KOH. The Germ. Pat. 129164 makes use of the property possessed 
by certain fungi (e. g. Aspergillus gallomyces found on the gall nut) of 
converting tannin into gallic acid. These fungi are now, according to the 
method given in the above patent, prepared in the form of pure cultures for 
the fermentation of tannin extracts. 

When pure it forms colourless, odourless crystals (needles) with bitter acid 
taste. They readily dissolve in hot water and in alcohol, less readily in cold 
water and only with difficulty in ether. At 200® gallic acid decomposes into 
OO2 and pyrogallic acid (see Pyeooallol). Besides being employed for the 
preparation of pyrogallic acid, gallic acid is also used in photography on 
account of its strong reducing properties. 

Gallicine = gallic acid mothylester. C8H2(0H)3C02CH3. A solution of one 
part gallic acid in 4 parts methyl alcohol is saturated with dry HCl-gas. After 
standing several days, the solution is evaporated to a syrup, mixed with 
BaCOg and the mixture extracted with methyl alcohol. 

It forms crystals M. P.202® C., soluble in hot HgO, alcohol and ether. 
It is used by oculists as an antiseptic in conjunctivitis. 

Gallium. Ga. Atomic weight =70.1. A very rare metal, obtained electro- 
lytically by a complicated process. It is a bluish white, tough substance 
which can be cut with a knife S. G. (at 24.5®) 5.96. M. P. 30.15® C. It is not 
stacked by HgO, even when boiling. It is easily soluble in KOH, NH3 and 
HCl, slowly in HNO3. Neither the metal nor the compounds have any in- 
dustrial value. 

Gallogene = Ellagio acid. Ci4Hg08. Yellow, odourless powder of agreeable 
taste, only soluble in alkalies. Consequently, in the human body it does 
*iot dissolve before reaching the intestine, where it becomes active. It is 
recommend as an astringent in cases of tuberculosis and inflammation of the 
bowels. Dose 0.3 — 0.5 g; or 2 — 2.5 g per day. 

Gallon see Appendix. 
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Gallo-tannio acid. 


GallO'tannie acid see Tannin. 

Galls. Excrescences on leaf buds, leaves, and fruit caused by deposition of 
tbe eggs of the gall wasp. Galls contain an extremely large amount of tannic 
acid (&om 60 to 70 % or more). They are used in tanning, dyeing, in the 
manufacture of inks, and of pure tannic acid, and medicinally as an astringent. 

Commercially a distinction is made between: 1. Turkey (Asiatic) galls (those 
from Aleppo being the best known), 2. the much smaller European galls 
which rarely contain more than 30 % of tannin, acid and 3. the China galls 
which contain up to 77 % tannic acid. The latter are not caused by wasps 
but by a species of plant louse. 

Galvanoplastic. 

OalYsnoplastic: 

CanningSi Great Hampton St., Birmingham. 

Oalvanizing: 

Cannings, Great Hampton St., Birmingham. 

Gamboge. The gum of Oarcinia Morelia Desr. found in East India 
and Ceylon. The juice is obtained by cutting and is collected in bamboo tubes. 
Inmure kinds’'are obtained by boiling the leaves and unripe fruit. 

Keddish -yellow substance covered with a greenish dust; conchoidal 
fracture. Deep-yellow emulsion with water. It is used as a drug, though its 
chief use is as a colour (see Veqetablb^Dybsttjffs). 


Gas analysis. 

Absorbents for various gases ^). 


Name of 
gas 

Absorbent 

Name of 
gas 

Absorbent 

Carbon 

Solid KOH or solution of 

Nitrous 

Concentrated H,SO« (S. Q. 

dioxide. 

IKOH in 2H,0. 

oxide. 

1.702) or aqueous solutions 

Carbon 

1. Ammoniacal or hydro- 


of the alkalies. 

monoxide. 

chloric acid solution of 
Cu,Cl| (not to be u ed in 
presence of acetylene and 
ethylene). 

2. Blood -f NH* . HS 
(spectroscopic method). 

Oxygen. 

1. Strong alkaline solution 
of pyrogallol (5 g pyro- 
gallol in 16 g H,0, mixed 
with 120 g KOH in 80 g 

H,0). 

2. Solution of chromous 

Ethylene. 

Fuming H,S 04 . 


chloride. 

Hydrogen. 

Palladium (palladium 
sponge). 


3. Phosphorus. 

4. Cu at a red heat, Cu at 

Nitric oxide. 

Aqueous solution of ferrous 
salts (1 FeSO* cryst. in 
2H,0). 


ordinary temperature in 
presence of solutions of 
NH, or ammonium car- 

Nitrogen. 

Mg-wire (at a high tem- 


bonate. 

perature, near the M. P. of 
glass). 

Oeone. 

Oil of cinnamon or turpen- 
tine. 


Gas lamps see Lamfs. 

Gas lighters, automatic. These are devices intended to render unnecessa^ 
the use of matches for igniting coal-or other gases. The principle was dis- 


») This and the following table are taken from v. BUCHKA’S “Physikalisoh-che- 
roische Tabellen der anorganischen Chemie*’. Stuttgart 1895. 
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Absorbents for quantitative determinations. 


Name of 
gas 

Absorbent and quantitative 
determination 

Name of 
gas 

Absorbent and quantitative 
[ determination. 

Acetylene. 

Ammoniacal solution of 

Hydrochloric 

1 . Known volume of normal 


CuCl,. The precipitate of 

acid. 

alkali; excess back-titrated 


copper acetylide ICjCug) is 


with normal acid. 


converted into CuO which 


2. Aqueous alkali solutions 


is weighed. 


(free from chlorine). The 

Ammonia. 

1. Known volume of normal 


HCl absorbed is precipitated 


HCl (or HjSOi); the excess 


in the acidified solution as 


of acid is back-titrated 


AgCl. 


with normal alkali. 

Hydrocyanic 

KOH-solution: AgCN is 


2. Sodium hypobromite: 

acid. 

precipitated by addition of 


The volume of N set free 


AgNO, converted into Ag 


is measured. 


by heating and weighed. 

Antimon- 

AgNO, -solution: The SbAg, 

Nitrogen 

KMNO,-solution acidified 

iuretted 

formed is converted into 

oxides. 

with HjSO,. The NO is 

hydrogen. 

antimony sulphide and the 

a) nitric 

converted into HNO, and 


latter weighed. 

oxide, 

the excess of KMnO, back- 

Arseniuretted 

AgNO, -solution :^The AsjO, 

b) nitrogen 

titrated with CjHjOi. 

hydrogen. 

formed is weighed as magne- 

trioxide, 



sium pyroarsenate. 

c) nitrogen 


Carbon 

Barium hydroxide solution 

peroxide. 

Aqueous Kl-solution: The 

dioxide. 

of known concentration ; 

Ozone. 

I is titrated with NsjSjO, 


the excess of Ba(OH )2 is 


solution. 


determined volumetrically 

Phosphine. 

Bromine water : The HjPO, 


by normal oxalic acid. 


formed is weighed a.s 

Chlorine. 

Aqueous KI -solution: The 


Mg,P,0,. 

1 

I set free is determined 

Sulphuretted 

1. Bromine water; The 


volumetrically with N a, 8,0, 

hydrogen. 

HjSO, formed is weighed as 

i 

solution. 


BaSO,. 

Cyanogen. 

KOH-solution : The KCN 


2. Copper sulphate-pumice 


and KCNO are precipitated 


stone in tubes, weighed 


with AgNO, and the pre- 


before and after. 


cipitate converted into Ag 

Sulphuric 

Bromine water: The HgSO, 


by heating. 

anhydride. 

formed is weighed as BaSO,. 


covered by Rosbnpeld in 1888, The gas passes over a “lighter'' covered with 
fine platinum wire. The lighter is raised to a red heat, the platinum becomes 
white-hot and the gas is ignited. The construction varies m different types, 
more particularly as regards the position of the lighter. For incandescent 
lighting it may be fixed to the mantle itself, or attached to the chimney above, 
or below to the burner itself. 

The automatic lighters introduced and patented by Killing in 1898 have 
not been successful. 

In the case of those fixed above the light their activity is not of any great 
duration since they are constantly exposed to the influence of heat. The 
best are those fix^ below the burner e. g. “Fiat-Lux" and “Stabil". The 
former is carefully constructed; the latter is provided with a three-way tap, 
IS of siinple but strong construction and lights easily. 

Gas, lighting by see Bubnbbs, Lamps, Coal gas and Gaslight, incande- 
scent. 

Gaslighting, incandescent Various metals of the cerium group are used in 
the preparation of mantles. The prin^al mixture used consists of 99 % 
thorium nitrate and 1 % cerium nitrate. Tnese substances are usually obtain^ 
from monazite and to a smaller extent from thorite, gadolinite, &o. The 
stockings" made of cotton, or better of ramie are impregnated with a solution 
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Gas liquor. 


of the salts, and then heated so that a skeleton of the oxides remains which 
retains the structure of the original stocking. To increase the durability 
ammonium nitrate or an alkali salt is also added. 

Mantles of high illuminating power for use with a mixture of oxygen and 
coal gas are prepared (Germ. Pat. 157811) by the following method. A solution 
of calcium nitrate containing cerium is used either alone or mixed with zir- 
conium nitrate. The stocking is soaked in this, dried, burnt, and the skeleton 
dipped nto a solution of thorium nitrate, again dried and once more ignited. 

Instead of employing a cotton basis, it has been attempted to prepare 
filaments in a gelatinous form. One method (Germ. Pat. 135534) consists in 
treating solutions of the rare earths with a solution of cellulose in the cupro- 
ammonia solution and proceeding as in the manufacture of artificial silk (q. v,). 
The mixture is converted into filaments which are coagulated, washed and 
dried. The coagulation is accomplished by treatment with neutral or alkaline 
solutions, usually with a solution of KCN. According to Germ. Pat. 141244 
fibres of artificial silk (i. e. cellulose) can be impregnated with the rare earths. 
They must be passed after drying through an alkaline bath in order to convert 
the nitrates into hydroxides. Filaments of nitrocellulose can be impregnated 
with the rare earths (Germ. Pat. 161262) without previous denitration pro- 
vided they are properly soaked in suitable solutions (formic acid, acetic acid 
or nitric acid of certain concentrations). Germ. Pat. 178832 describes a 
method of preparing mantles from artificial silk by a process of igniting, 
shaping and hardening the woven material. 

A special method of drying the impregnated mantles is protected by Germ. 
Pat. 154808. The mantles are dried on glass moulds, not by allowing the 
hot air to play directly upon them but by the moulds being heated inside by 
steam, hot air or hot liquids. 

Mantles which light automatically are prepared (Germ. Pat. 158974) by 
soaking in a solution with subsequent reduction, so that an igniting mixture 
is formed. (NH4CI is added to the solution of rhodium chloride.) 

The mantles are heated by burners which are identical in principle with 
the ordinary Bunsen burner. 

In order to prevent the breakage of ignited mantles, the latter are treated 
with a stiffening material which usually consists of a solution of collodion in 
alcohol and ether. After the evaporation of the solvent the mantle is covered 
with a film of collodion, is no longer fragile and can be readily transported . 
The collodion is of course destroyed when the mantle is used for the first time. 

According to Germ. Pat. 153346, the ether of this dipping mixture can be 
replaced by a mixture of acetic acid and acetone. The inflammability of the 
solution is thereby diminished. A similar result is obtained (Germ. Pat. 
153768) by dissolving the collodion in concentrated acetic acid. 

In order to render the mantles more durable after burning and shading 
(by the pressure burner) thev are treated first with a solution of zirconium 
nitrate and then with one of collodion, without any further ignition (Germ. 
Pat. 180047). The mantles may also be dipjped into a mixture of collodion 
and zirconium nitrate solutions and then dried. The collodion solution is made 
of 660 g collodion, 270 g ether, 60 g castor oil, and 20 g camphor. The mantles 
prepared in this way should not suffer any damage when subjected to pressure. 

Of. Cerium and Thorium, 

Gas liquor. The aqueous condensation product obtained in the purification 
of coal gas (q.^v.). It is a valuable substance for the preparation of ammonia 
and contains from 3 to 30 % (or even more) of ammonia mainly in the state of 
carbonate. The English Pat. 9396 (1903) which is concerned with the treat- 
ment of the gas liquor with metallic solutions (especially FeSO^ solution) in 
order to remove H^S and cyanides, calls for no comment. 
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aasligaor-Distilliiig- Apparatus : 

Friedrich Heokmann, Berlin SO. 16, Bruokonstr. 6b (see advts.). 

Gas oil. The name applied to all mineral oils intended for the preparation 
of gas (cf. Oil gas). Such oils are: — The Light Oils of brown-coal-tar 
(solar oil and gas oil), shale oil and the fractions between kerosene and lubri- 
cating oils obtained in the distillation of crude petroleum (the so-called 
Solar oil). The smaller the range of boiling point of the oil, the greater 
is its value. According to Krey the extreme difference in B. P. between 
highest and lowest should be IGO®, i. e. the oil should boil between 200® and 
300® or between 250® and 350®. The amount of unsaturated hydrocarbous 
and resinous substances soluble in H 2 SO 4 (S. G. 1.83) should not exceed 25 %, 
otherwise too much tar and coke are form^ when the oil is converted into gas. 
Both Eisenlohr and Krey maintain that the value of the oil (or in other 
words the illuminating power of the gas obtained from it) depends upon the 
amount of paraffins present. Creosote should not be present to the extent 
of more than 2 — 3 %. If this amount is exceeded the value of the gas is 
lowered. 

Gasoline cf. Petroleum. Gasoline is a colourless liquid with a penetrating 
ethereal smell. S. G. 0.64 to 0.667. B. P. 70 — 80®. It is used principally 
for the preparation of gas by blowing air through it. Gasoline is a convenient 
source of light in places not conveniently supplied from gas-works. 

Gas pumps. Made of earthen ware. They are combinations of the usual 
plunger-pump with cylinders filled with some indifferent liquid which trans- 
mits the motion of the plunger. The valves and all parts exposed to the 
action of the gas are made of acid-resisting material, so that the pumps may 
bo used for chlorine, &c. 

Gas tar see “Coal-tar“. 

Gaultheria, Oil of. (Wintergreen oil.) An aromatic>.ssential oil obtained 
from Gaultheria 'procumbens. The artificial product obtained from the 
methyl ester of salicylic acid is generally used in place of the natural substance 
(see Salicylic acid. Esters of). It is used in the preparation of fruit essences, 
for scenting soap, &c. 

Oay-Lussac Tower see “Sulphuric acid”. 

Gelatine. Gelatine is a very pure glue; the principles of its preparation 
will be found under “Glues”. Gelatine is obtained either from calves heads 
or the cartilage and skins of young animals. The raw material must show 
no signs of decomposition, and in the process of manufacture all decompositions 
must be avoided. An essential condition for obtaining a good product is the 
careful cleaning of the original material and the clarifying of the glue solution, 
bor bleaching, sulphurous acid is used; the latter also assists in preventing 
decomposition during the manufacture. 

Special purity is required for photographic gelatine, since the smallest 
amount of putrefaction causes the formation of reducing substances which 
destroy the silver salts present in the film. Photographic gelatine is chiefly 
obtained from skin tissues as these possess in a high degree the property of 
coagulation. The head and leg portions of calves, which are useless for leather 
pu^oses, are chiefly employed for this pu^ose. 

A special method deals with the preparation of gelatine from brown bone 
glue: — The latter is ground, well soeuLed, melted witn HjO and finally treated 
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Gelatine carbonitb. 


with oxalic acid to destroy the brown colour. It is not known, however, if 
this method has proved satisfactory. 

Gelatine is generally sold in the form of very thin leaves, a form originally 
chosen in order to facilitate rapid drying. An addition of sugar and alcohol 
renders the leaves more flexible; frequently they are dyea with coal tar 
colours. Recently, however, gelatine has been produced in thicker plates, 
and also as threads and as powder. 

Apart from its use for culinary purposes and in the preparation of photo- 
graphic films, &c. gelatine has recently found numerous other applications. 
The gelatine capsules, much used in medicine, are made of gelatine and glycerin 
gelatine. Gelatine is made in a form in which it is quite insoluble in H 2 O 
and not readily attacked, by treatment with formaldehyde. In this form it 
is used for making photographic films, vessels, ornaments, and spangles 
for dresses, &c. 

Test. The best gelatine should be in thin, transparent, nearly colourless 
leaves of glass -like appearance. It should be absolutely tasteless and odourless. 
Gelatine swells in cold and dissolves readily in hot H 2 O, yielding a clear or 
opalescent solution. On cooling, a solution of 1 g gelatine to 100 ccm H 2 O 
should become a jeUy. Gelatine is insoluble in alcohol and ether; a diluted 
solution is precipitated in a floculent state by tannic acid solution. Possible 
impurities are inorganic substances, free acids and H 2 SO 4 On burning, 
1 g gelatine should not leave more than 0.02 g ash. To test the absence of 
free acids and H^S 04 1 g gelatine is dissolved in 100 ccm hot H 2 O; a part of 
this hot solution is tested with a BaClg-solution, when only a faint opalescence 
should result. For other acids a piece of blue litmus paper is placed in 
the remainder of the hot 1 % solution, when the paper should not turn red. 

Gelatine manufacturing Plants: 

Max Friedrich & Co„ Leipzig-Plagwitz 17. 

Gelatine carbonite see “Safety Explosives”. 

Gelatine dynamite see “Dynamite”. 

Generator gas see „Gas“. 

Generator gae-Plant: 

Willy Manger, Dresden, Germany. 

Geranial see “Cttral”. 


Geraniol. This substance, much used as a perfume, is a terpene alcohol 
CioHi 7 . OH of the following constitution: — 


CH3^ 

CH3^ 


c 


: CH . CHg . CH. . C : CH . CH. . OH. 

k 


It is present to the extent of 65 — 80 % in oil of rose and also in considerable 
quantities in geranium and citronella ods. With CaClg it forms a crystalline 
derivative which can be prepared by rubbing oils rich in geraniol with the salt. 
By washing the recrystallized compound with ether and decomposing with 
water geraniol is obtained. 

It is sold commercially not only in the pure state, but also after distillation 
over the flowers of roses, hyacinths and mignonette and is then sold as rose- 
geranium oil, hyacinth-geranium oil or mignonette-geranium oil respectively. 
The preparation of a-substituted geraniols by the action of magnesium-alkyl* 
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halogen compounds on citral and the decomposition of the mamesium- 
halogen compound with water is protected by Germ. Pat. 153120 and 154656. 
These alkyl derivatives have a purer, more delicate and yet more powerful 
odour than geraniol itself. 

Geranium, Oil of. (Oleum Andropogonis.) An essential oil obtained from 
various kinds of Pelargonium and A^ropogon growing in southern Europe. 

Colourless, yellowish, or slightly brownish oil with a strong rose-like smell 
and an acid reaction. S. G. (at 15°) 0.886 to 0.906: M. P. — 16°. B. P. 210® 
to 2300 [a]jy _ 6® to — 16®. 

The saponification number varies from 45 to 100. The chief constituent is 
geraniol. It is used in perfumery. The principal kinds are the French, African, 
Spanish and Reunion oils. In addition to these there are Indian (Ginger-grass 
oil) and East Indian (Palma-rose oil) varieties. 

Geranyl acetate. . CgHgO^. Prepared by heating geraniol with 

acetic anhydride and sodium acetate. It is a liquid S. G. (at 15®) 0.9174: 
B. P. (14.5 mm) 129 — 130.5®: at the ordinary pressure it boils with decom- 
position at 242 — 245®. It has a pleasant refreshing bergamot-like smell. 
In combination with geraniol it has the smell of the wild rose. 

Germanium. Ge. At. W. 72.5. A very rare element occurring in Abgyro- 
DiTE, CoNFiELDiTB, Euxbnite and Samarskitb. In the periodic classification 
it stands between silicon and tin. Germanium and its compounds are of no 
technical importance. 

Gilding. The earlier method is now but rarely used; it consists in placing the 
articles (made of copper or copper alloys) in a solution of mercurous nitrate 
and then applying a gold amalgam with a soft brush. The articles are then 
rinsed, dried in sawdust and the mercury evaporated by slow and uniform 
heating over a charcoal fire. Scraping with soft brass brushes and subsequent 
polishing with blood-stone finishes the operation. The gold amalgam necessary 
for fire gilding is made by dissolving gold in Aqua regia precipitating the 
metal with ferrous sulphate, washing, drying, and stirring with mercury 
heated to about 150®. After cooling the Hg is pressed out, and the amalgam 
is left as a soft mass. 

Gilding is carried out electrolytically either in a hot or in a cold bath. 
The former method is usually employed where small articles are to be gilded 
while for large objects a cold bath is used. See Electroplating. 

Solution for cold gold plating^): 60 g gold chloride (=30g Au) 
are dissolved in about 200 g distilled HjO, about 20 g ammonia (S. G. 0.969) 
are added and then a solution of 130 g chemically pure KCN^) in about 900 g 
distilled HgO. The colourless solution is filtered and then diluted to 10 1. by 
adding distilled water. It is advisable to add 20 g potassium formate. 

Solution for warm gold plating*) : Three solutions are prepared, a) 10 g 
gold chloride in 1 1 distilled HgO, b) 600 g sodium phosphate in 8 1. distilled 
HgO, and c) 20 g potassium cyanide -f- 100 g pure dried sodium bisulphite 
in 1 1, distilled H^O. The solution a) and b) are mixed and then c) ^ded. 
When steel and not copper, copper alloys or silver are to be plated without 
previous copper plating^, solution c) should be 10 g KCN -f 100 g pure sodium 
sulphite in 1 1. HgO. The bath is used at a temperature of about 70® C. 

Gold leaf or platinum foil is used as anode. The latter is recommended for 
warm solution. The less the platinum anode dips into the solution the lighter 

Steinoch und Buchner .,Dio galvanischen Metalbiederschlage**. 

*) Purest KCN (99®/#) must be used. 
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is the colour of the deposit. As the platinum anode does not dissolve in th(‘ 
bath the gold precipitated must be replaced at intervals by adding gold 
chloride and a little KCN. 

The most suitable current density for gold plating is 0.2 to 0.25 amperes 
per sq : dcm. 

Glass. Glasses may be divided into lime glasses and lead glasses, and 
the former again into lime-potash and lime-soda glasses. The composition 
is represented by the general formula 

X . K 2 O (or Na20) -f- y . CaO + n . SiOj. 

In the lead glasses the CaO is replaced by PbO. 

Of recent years the production of different kinds of glass has increased 
to an extraordinary extent, a result largely due to the labours of Schott 
& Gen. of Jena. The Jena glasses prepared by this firm used for fine lenses 
for optical work, for apparatus which resists the action of chemicals, &c., &e. 
are widely known. In addition to the above mentioned varieties, there are 
barium and borate glasses. In the former the PbO of lead glass is replaced 
by BaO, while in the latter kind boric acid takes the place of the SiOg. Between 
the different kinds are many glasses intermediate in composition. 

The raw materials used in glass manufacture are silica, the fluxes and the 
decolourizing or colouring substances. 

1. Silica. Used in the form of sand, kieselguhr or quartz. Earthy ad- 
mixtures (clay) yield a more easily fusible glass. (See Quartz glass). 

2. Fluxes. The principal are: — Potash, soda, lime, baryta, strontia, 
lead oxide, boric acid, zinc oxide ^) and certain natural silicates. Potash is 
used generally as carbonate or sulphate, soda as sulphate (sometimes as NaOH). 
Lime for the preparation of white glass must be free from iron. It is used either 
as carbonate (marble, chalk, &c.) or as quick-lime. 

For the manufacture of milk glass, calcium phosphate is employed. The 
barium glasses are used for optical purposes since they are much harder than 
the lead glasses and have almost as high refractive indices. The lead oxide 
chiefly used is minium as with it little reduction to metallic lead occurs. Calcium 
plum bate is sometimes employed in the manufacture of lead-lime glass. 
Boric acid alone or mixed with borax is used for making optical glasses and 
enamels. 

Where they can be obtained cheaply and in the immediate neighbourhood 
of the works various natural silicates are used, e.g. basalts, trachytes, granites, 
felspars, micas, obsidians, lavas and pumice. Finally glass residues (shearings, 
clippings, &c.) are always added to the extent of at least % the total amount 
of flux. 

3. Decolourizing and Colouring Materials. Arsenious acid is much 
used as a decolourizer. It acts as an oxidizing agent towards the carbon, sodium 
sulphide and ferrous compounds present, and since it causes the fused glass 
to “boiT", it helps to mix intimately the constituents. KNO3 acts both mechani- 
cally and chemically as a purifying agent. More recently a method has been 
adopted of passing a current of oxygen through the fused glass: it acts as a 
strong decolourizing agent. Nickel oxide and manganese dioxide are used 
in decolourizing optical glass. The latter imparts to the glass an amethyst 
colour which neutralizes the green due to the presence of iron. Since, however, 
the resulting glass is of a pale violet tint, nickel oxide is used in place of the 
Mn02: a perfectly colourless glass is thus obtained. For colouring materials 
see Glass, colouring. 


The oxides of Bismuth and Thallium are used for making optical glasses of high 
lustre for lenses and opt^al instruments. 
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The raw material is broken up, mixed in the proportions desired and fused 
with broken glass (cuUet). The melting is carried out in pots or crucibles. 
The pots are round, open or covered, are made of fire proof clay and are 
smaller at the bottom. They hold 60 to 1000 kg or more and are manufactured 
in the glass works. For the manufacture of mirrors, crucibles square in section 
are used. These have a broad rim all round to facilitate lifting with the tongs. 

The glass furnaces are of the vertical reverberatory type containing 6 — 10 
crucibles with extra space for softening any pieces of glass which are in process 
of being worked. An essential condition for the production of a good batch 
is the absence of carbon and ashes in the work shop. Formerly only wood 
was employed but now other fuels, such as coal lignite and peat are used. 

The most important improvement in glass manufacture is the introduction 
of gas heating by Siemens, which renders it possible to have a clear fire 
with inferior fuel. In most glass works Siemens’ regenerator furnace is now 
in use. It consists of a generator for the heating gas, regenerators in which 
the gases and the air (introduced through pipes) are heated and the melting 
furnace itself. The more modem Siemens’ crucible furnaces, which arc like* 
wise heated with producer gas, need no extra crucibles, the deep bottom being 
so shaped that the batch can be melted in the furnace itself. Compare 
Producer gas. The Germ. Pat. 124702 gives a process for the manufacture 
of glass by electrical methods. The glass mixture is brought into contact 
with the electrodes in the chamber and there fused by the voltaic arc. The 
molten mass then passes into the refining chamber, where it is further treated. 
The points which characterize this process are these: — The mass is melted 
by the heat of the arc, and the refining is carried out by the heat of resistance. 
The glass is melted in a narrow chamber, where impurities of all kinds such 
as gases and so on are excluded. The current used is weak but continuous, 
so that the process of melting and refining is carried on uninterruptedly. 
The process of refining can be carried out much more satisfactorily and more 
quickly by this method: the heat can, of course, be regulated. Improvements 
on this method are protected by the Germ. Pat. 128250, 131291, and 134935, 
(See also Germ. Pat. 167023.) The use of electricity for the manufacture of 
glass has as yet, however, not become prevalent. 

The different kinds of glass vary greatly in quality, the composition de- 
pending upon the materials and proportions used. It has been determined 
that a mixture in which the silicic acid contents are sufficient to form a 
trisilicate is the most suitable for the manufacture of chemical apparatus, 
the proportion of lime to alkali being 1 : 1.3 to 1 : 1.5. A glass in which 
the proportions are Si02 : CaO : KgO or Na^O, = 7.2 : 1 : 1.34 is especially 
suitable foi* resisting the action of boiling water and dilute acids. It should 
be further noted that potash glass is more soluble than soda glass. An 
mcrease in the amount of silica increases the resistance of glass to solvents, 
but on the other hand it renders it more brittle and less fusible. The formation 
of glass in the crucible proceeds gradually as the temperature rises. 

Theliquid mass “boils”, the gases escape and the compounds, such as sulphate, 
which do not pass into the glass substance collect on the surface in “galls”, 
these are afterwards burnt off with hot ashes, or if very numerous they 
are scooped away. The heat is then increased to make the glass regular, 
inore liquid and clearer. This latter operation is termed refining or clearing. 
In the later stages of glass manufacture there are two main varieties, plate 
gl^s and blown ^lass. The molten glass is taken out by dipping the pipe 
into it and then simply “blown”, or it is blown by the aid of different irons, 
tongs, plates, &c. into the desired form and shape. The glass which is directly 
iown into moulds is termed pressed glass. 

^ate or rolled glass is blown into larger tubes the ends of which are after- 
wards broken off. The tube is then opened and slowly heated in a flattening 
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furnace till the curve flattens out and a rough plate is formed which is then 
rolled smooth. 

The thick glass for mirrors, shop windows, &c. is now no longer blown, the 
material being poured straight from the crucible on to plates, and after it lias 
solidified it is cut and polished. 

P. SiEVBRT has introduced a particularly interesting and important method 
for treating glass. This method is protected by a large number of patents 
of which the most important are the Germ. Pat. 111393, 164888, 156584, 
166586 and 157847. The stiU molten glass is poured on to an iron mould 
shaped like the object to be produced, the mould is then turned to an angle 
of 180° when the glass mass which sticks to the edges of the mould swings 
out by its own weight into a kind of sack. The mould has vents through 
which compressed air is introduced and this blows the “sack*’ still larger, 
the shape being determined by that of the mould. In this way baths, accii- 
miilator cases and other vessels are blown. For smaller articles it is not even 
necessary to blow in air, the mould is slightly moistened before the glass is 
poured into it, steam is formed and the glass assumes the shape of the mould. 
See also Hardened Glass, Strass, and Water Glass, and Glass, 
OOLOURINO. 

Glass, colouring. Metallic oxides or metallic salts which are converted 
in the glass into coloured silicates are as a rule used for producing the desired 
tints. "Rie most frequently employed are compounds of iron, manganese, 
copper, cobalt, silver chromium and gold. 

1. Iron. Ferrous oxide is used for producing greens; with oxides of iron 
yellow, orange, red, brown, and violet tints can be obtained, but they all more 
or less tend to pass back into the protoxide. The green colour is best brought 
out by adding the Fe in the form of ferrous sand or clay. 

2. Manganese. This substance is added to the glass in the form of MnOj. 
It produces a violet*red. The colour is easily destroyed by the action of 
reducing agents. By adding Fe^Oj or CuO to the glass after the manganese 
a grey glass can be obtained. A large amount of MnOg gives a black 
glass. 

3. Copper. CuO colours glass blue green, CugO blood red. 

4. Cobalt. Cobalt, either as pure oxide or in the form of azure blue, 
Th4nards blue, &c. gives the glass a blue colour. 

5. Silver. Compounds of silver make glass (more especially lead glass) 
yellow. 

6. Chromium. This substance is used for producing an intense yellow- 
creen glass. It is mostly used in the form of Guignet’s green, which is prepared 
by heating potassium bichromate with borax. 

7. Gold. This metal is employed for the manufacture of real ruby glass. 

Formerly it was used in the form of purple of Cassius, though now solutions 
of gold chloride are preferred. Compare also Gold colours. The rose-red 
to purple of the colour is first perceptible when the glass is worked. The Germ. 
Pat. 138281 gives a method for making massive gold ruby glass from baryta 
glass in which so much dissolved or finely powderedgold is mixed as corresponds 
to a proportion of 0,26 — 1,7 parts to 10000 parts of sand. The mixture is 
then melted in the glass furnace. Na is used as an alkali and Ba in the form 
of Ba(N 03)2 ^ divalent metal. To ensure success a reducing agent is added 

during the process of melting. 

8. Selenium. This substance is now often used for colouring glass red, 
but it is still principally employed for making green glass colourless. 

There are many other metallic compounds m use for colouring glass, for 
instance uranium oxide gives a bright green fluorescent colour (tne so-called 
uranium and Anna yellow glasses). Sulphides of antimony give a golden tint 
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and together with copper sulphide a sepia colour. With a molybdenum - 
sulphide a deep red-brown shade is obtained. 

Other glass colours do not actually colour the glass but convert this sub- 
stance into a coloured mass. In this way the peculiar colours are produced 
which are now often seen. Charcoal and many other organic compounds 
which carbonise in the glass transform the sulphates into sulphides with the 
above result. 

Metallic compounds which are either insoluble or only partially soluble in 
glass are used for producing semi-transparent glass. Milk glass, bone glass, 
opal glass, spar glass and other kinds are made in this way. Germ. Pat. 165986 
provides for the addition of sand, felspars poor in lime and sodium fluosilicate 
to the mixture in order to give milk glass. It is difficult to understand what 
there is in this method that can be patented. 

Coloured glass is made by dissolving some of the above named or other 
metallic compounds in the glass flux. A distinction is drawn between coloured 
glass proper and flashed or cased glass. The latter variety is made by covering 
a thick layer of colourless glass with a thin coating of coloured. In this way 
several colours can be laid on, one over the other. Multicoloured designs can 
be produced on glass objects by cutting, grinding, and etching the outer layers. 

Iridescent glasses are produced by exposing the ready made glass in a hot 
furnace to the action of metallic chlorides. Metal lustres are also prepared 
by firing metallic salts or oxides, e. g. B, Ag, and Cu after these have been 
painted on to the glass. Rindskopf in the Chera. Ztg. 1902, Report. 243, 
gives as the necessary substances for producing the above effect, salts of tin' 
strontium nitrate or barium nitrate. One of these substances is volatilized 
by electricity in a suitable vessel and then conducted into the glass blow 
pipe, while still hot, through an opening in the stem which can be closed at will. 
After the glass has been subjected to the chemical for a certain time the 
article is placed in a cooler. 

According to Germ. Pat. 146629, glasses with powerful metallic reflection 
can be produced by exposure of the glass, which is painted in the ordinary 
way with metallic salts or oxides after the first reduction in the furnace, 
to an oxidizing atmosphere and then again to repeated processes of reduction 
and oxidation. The number of times the process is repeated will determine 
the degree of metallic lustre. The number of operations varies from 3 to 6. 

Glass cements see “Adhesives**. 

Glass stone. Hollow building materials made from glass are applied (Germ. 

1 at. 133927) in factories, warehouses, &c. as windows or transparent walls, 
bmgle “stones’* may be replaced without disturbing the rest. This is possible 
owmg to the presence of projections on the lower surface which fit into cor- 
responding depressions in the bed. These projections can be easily cut out. 

Glass substitutes. One such substitute can be prepared (Germ. Pat. 178644) 
trom viscose (q. v.) by spreading it in thin layers on textiles or goods woven 
°^®tallio substances, and then drying. Owing to the large amount of 
shrinkage that takes place the substance becomes almost transparent and can 
he protected by a coating of a non-inflammable varnish. 

In order to carry out the process the object is dipped into a solution of 
viscose, the latter coagulated by the usual ^ents, and the mass dried. The 
resuitmg substance is flexible and nearly transparent. 

Glass fomaoes: 

Manger, Dresden, Germany. 

Glover tower see ‘‘Sitlphubio aoid“. 
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Glucine see “Sweetening agents, aetificial“. 

Glucose (Grape sugar, Dextrose). The preparation of starch 

sugar depends upon the fact that starch (potato starch) on being boiled with 
H 2 SO 4 first passes into soluble starch, then into dextrine and maltose and 
finally into dextrose. If the boiling is not continued long enough so that 
large quantities of dextrose and maltose are still present, the substance will 
not solidify but remains as a syrup; while if the process be continued longer 
the result will be solid glucose. The degree of concentration of the liquid 
starch and the solution of H 2 SO 4 is of great importance; and in practi(;e 
1 , 6 — 2,5 parts of 1 — 2 % H 2 SO 4 are usually added to 1,5 parts of crude starch 
or to 1 part of dry starch. The dilute acid is brought to boiling in wooden 
barrels by steam and the liquid starch is poured in from a stirring tub above. 
The water which evaporates must be continually replenished. When a sample 
no longer becomes blue on the addition of iodine, the fluid is boiled for half 
an hour longer and then run into special tubes where it is neutralized with 
CaCO^ free from Mg. The precipitated matter is separated by being 
passed through filter presses, after which the solution of sugar is evaporated 
in open vessels to a specific gravity of 1,15 to 1,25. The gypsum is then 
allowed to crystallize out and the solution is decolourized by filtering over 
bone charcoal. When filtered the syrup is boiled in vacuo under a pressure 
of 0,2 — 0,3 atm. to a S. G. of 1,37 — 1,44. The thick syrup is then allowed 
to flow into large iron cooling pans to crystallize. The process of solidification 
can be hastened by adding a little dextrose, and it is necessary to stir con- 
tinually so that the substance may become a smooth even mass. The sugar 
is finally poured into small vessels to solidify and comes on the market as box 
sugar. Various methods have been brought forward for refining this sugar. 
One of these is to press the sugar out of the fluid before solidifying by means 
of hydraulic presses or centrifugal apparatus. Another method is to treat 
the crude sugar with boiling methyl alcohol and allow it to crystallize 
at 30 — 40^0. Another way is to reduce the syrup to 46Be. at 90° C and 
then allow it to crystallize slowly at 35 — 50°. The other methods must be 
passed over here. Starch syrup is produced from starch by means of acids 
in the same way as given above, only sufficient dextrine-like products must 
be present and the gypsum must be completely removed, to prevent crystalliza- 
tion of the sugar and to keep the syrup clear. 2 — 3 % H 2 SO 4 and 300 % HjO 
are used for this purpose and the mixture must be boiled just until the solution 
no longer gives a blue colour with iodine. 

On account of the disadvantages of using sulphuric acid, attempts have 
been made to employ other acids, such as hydrochloric acid, oxalic acid and 
of late also hydrofluoric acid, but without much success. Starch sugar can, 
however also be obtained by converting the starch into sugar by means of 
malt instead of H 2 SO 4 . Compare the article on “Alcohol”. The starch 
is warmed with 350 — 400 % of HgO and 1 — 3 % of malt till it becomes pasty, 
taking care not to exceed 70° C; it is then cooled to 65° 0, when 4 — 7 % of 
green malt is added, keeping the temperature down to 66 ° by constant stirring. 
The sugar solution must be concentrated without delay to prevent fermenta- 
tion, and is then brought on the market as Extract of malt or Sugar 

OF MALT. 

According to Germ. Pat. 141589 grape sugar, CeHjaOe HgO, is obtained 
from hard crystalline starch sugar by exposing the latter to a gradually 
increasing pressure. The lower the temperature the greater must be the 
pressure. The expressed liquid is said to carry away the impurities. 

Ghn. The cartilaginous substance of bones, sinews, skin, &c. is the part 
of the animal organism used for the preparation of glue; it is prepared from 
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these substances by prolonged boiling with ILO, a process which gradually 
hydrates the glue - forming tissue and finally dissolves it. On cooling, these 
solutions form a very sticky elastic jelly which when dry has the appearance 
of a hard, homy, translucent mass. Glue does not dissolve in cold, but readily 
in hot water. 

The working materials in the manufacture of glue are skins and leather, 
also bones, fish scales, isinglass, &c. 

I. Leather glue (Skin glue). 

The best glues manufactured are those made from skins or leather. The 
skins of all kinds of animal are used, and also residues from tan-yards, slaughter- 
houses, &c. The raw material should be as fresh as possible. It is freed from 
traces of blood and flesh first by washing and then by treatment with milk 
of lime according to circumstances. It remains in the latter three weeks 
or less, when the material has to be freed from the last traces of lime, as other- 
wise the product would be inferior. This is done by careful washing and by 
treatment with dilute solutions of sulphurous acid or other acid solutions 
(c. g. spent tan liquor). Frequently a treatment with SO, is used in lieu 
of liming ; if this method is followed the material is afterwards bleached with 
bleaching powder. The raw product thus obtained is once more carefully 
rinsed and then boiled with not too large an excess of HoO. This “melting’" 
is rarely performed over an open fire but is effected either by direct or by 
indirect steam heat, the pressure not being allowed to exceed i.5 atm. Very 
excellent glue is produced by means of steam alone, without the use of water. 
As the product is better the lower the temperature used during the preparation, 
vacuum apparatus has recently been employed. The spent raw material is 
used as dung, and the glue solution (containing 10 — 20 % glue) is further 
treated ; it is purified by standing and filtering, and, if necessary, decolourized 
by animal charcoal. Other clarifying agents such as alum lessen the adhesive 
properties, which is the reason why dark, opaque glues are frequently preferred 
to the white, transparent varieties. The prepared glue solution is put into 
warm vats or at once cast in moulds. When vats are used the block of glue 
has to be cut into slices after cooling. The gelatinous slices obtained by either 
method are cut into smaller pieces and dried at a moderate temperature in 
airy drying rooms. 

The Engl. Pat. 22738 (1902) is of importance under certain conditions. 
Tanned leather or leather wastes are “untanned” so that they may be used 
for the preparation of glue and gelatine according to the usual methods. 
In the case of chrome leather it is “untanned” by dipping into dilute HgSOi 
after which it is rinsed with HgO and neutralized with lime. In the case of 
leather tanned in the ordinary way a solution of alkali is used first and lime 
added afterwards. In either case the last traces of lime are removed by HCl 
and the latter acid again by alkali; the alkali chloride is finally removed by 
rinsing. 

According to Amer. Pat. 748860 glue may be produced from skins by a 
treatment with aqueous sulphurous acid containing calcium phosphate and 
calcium sulphite. After this follows the usual solution in H 2 O, neutralisation 
with lime and the final clarification. 

Leather-glue-plants : 

Max Friedrich & Co., Leipzig-PIsgwitz 17. 

II. Bone glue. 

The manufacture of glue from bones is carried out in two different ways, and is 
pnerally connected with the manufacture of bone meal or of phosphorus 
( 9 * V.). The mineral elements of the bones are either dissolved (after all oily 
Bliichec, 20 
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matter s removed) in HQ and the remaining translucent cartilage rinsed, 
treated with lime (neutralized), rinsed again and then boiled down to glue 
as described above, or bones are used which, though free from fat, are not yet 
deprived of their mineral contents. (See Bone-fat.) They are evaporated 
to dr 3 rne 88 (which facilitates their pulverisation and the extraction of the 
glue), freed from all undesirable matter by centrifuges and finally 
ground to a meal in bone mills. This is boiled several times with HgO and 
steam under pressure. The thin glue solution thus obtained is evaporated 
in vacuo, bleached by SOg and then treated as described above. The glues 
produced by the second method are less valuable as the long -continued boiling 
process decomposes the glutine on which the adhesive power depends. 

The Germ. Pat. 144398 employs sulphurous acid instead of HQ for extract- 
ing the calcium phosphate from bones. This in itself is not a new process. 
The improvement consists in the use of an aqueous solution of SOg under 
pressure, a method which economizes the acid and prevents the formation of 
a crust of calcium sulphite which greatly hinders the necessary processes. 
See Germ. Pat. 166904, 168872, 177626, 178770, 187261. 

Bone Klne mannlacturing plants: 

Max Friedrioh A Co., Leipzig-Plagwitz 17. 

Ernest Scott A Co., 2 Talbot Court, London E.C. 

Bone Olne Plants: 

Ernest Scott A Co., 2 Talbot Court, London E.C. 

III. Fish glue. 

Fish glue is produced from the scales and skins of fish, also from the heads 
and bones of cod by treatment with acid, rinsing, liming, and boiling with HgO 
or steaming. The subsequent treatment does not differ from that of the other 
kinds of glue except perhaps that alum is frequently used for clearing. 

The best kind of fish glue is isinglass, i. e. the purified and dried inner 
skin of the swim-bladder of the sturgeon. 

Recently whale blubber has also been used in the preparation of glue. 
According to Germ. Pat, 131315 the blubber is cut up, freed from fat by cold 
pressing and the residue treated with benzene. By this method the whole 
of the oil is obtained, and at the same time the glutinous tissue is obtained 
dry and entirely free from fat, i. e. in a form especially well adapted for the 
manufacture of glue. 

IV. Liquid glue. 

We mention the following receipts, from a vast number, for the preparation 
of liquid glue: 12 parts glue are warmed with 32 parts H^O, two parts HQ 
and 3 parts zinc sulphate for 10 — 12 hours at a temperature of 80 — 86 ®C, 
or 6 — 12 parts acetic acid or the same amount of crude hydrochloric acid 
is added to a hot solution of 100 parts glue and HjO. Another receipt is to 
dissolve 4 parts gelatine by heating with 4 parts strong acetic acid and then to 
add one part strong alcohol and a little alum. A very good receipt is this 
dissolve 100 parts glue in 110 parts boiling water and add 40 parts nitric acid 
of 350 B^. 

For further information see “Gelatine'" and “Marine glue" (under 
“Adhesives”). 

Isinglass Finings: 

E. S. Spenoer Ld., Drummond Works, Drummond Road, London SB. 

Glue colours see “Painters colours”. 

Glutol (Glutoform) = Formaldehyde gelatine. Obtained by evaporatmg 
a solution of gelatine with one of formaldehyde or by placing leaves of gelatine 



Glutone. 307 

in formaldehyde solution, as a neutral substance quite insoluble in hot water, 
employed as an antiseptic powder. 

Glutone. A nutritive preparation, soluble in water, obtained from gelatine. 
Recommended as a strengthening agent for invalids and convalescent patients. 

Glycerine. C 3 H 6 (OH) 3 . Does not occur free naturally, but in combination 
with fatty acids as glycerides in all fats, animal, and vegetable. Glycerine 
is prepaid by saponiiying fats and as a by-product in the manufacture of 
fatty acids and soaps. 

The fats are generally decomposed with lime in copper autoclaves. HgSO^ 
is added to the aqueous glycerine which contains a little lime soap — to 
separate the fatty acids and lime, and the mixture neutralized with CaO and 
evaporated to the consistency of syrup in vacuo. Frequently the glycerine 
is only partially evaporated :n pans and then passed on to special glycerine 
works. 

When the fats are s^onified with H 2 SO 4 the aqueous glycerine must 
first be neutralized with CaO and separated from the CaSOi formed and then 
the above-mentioned method is carried out. 

The purest glycerine is obtained by saponifying fats with steam. Originally 
only the raw material coming from stearine works was used, but for the last 
twenty years the manufacture of glycerine from the liquors obtained in 
soap boiling has become more general. Glycerine obtained by direct saponi- 
fication with H 2 SO 4 is called “distillation glycerine”, and that obtained in 
stearine manufacture “saponification glycerine”. 

Concerning the preparation of glycerine from soap-liquors numerous details 
have b^me known though a good deal is still kept secret. The lye is cooled 
and filtered and concentrated until it contains 40 % glycerine. Chemical 
purification follows, chiefly by acidifying with HCl and filtering. Concen- 
tration in vacuo proceeds until the product contains 80 % glycerine. After 
cooling and again filtering crude glycerine is obtained, a product used for 
many purposes. 

According to J. F. Hinckley (Chem. Ztg. 1907, Rep. 355) the proteids, 
soap and free alkali must be removed from the lower layers before concentra- 
tion takes place. To accomplish this the liquors are cooled, the soaps which 
separate as a scum are removed, the solution neutralized with H 2 SO 4 , the 
soapy matters precipitated with 0.5 % FeS 04 I'he whole filtered through 
filter presses. 

According to a second process, the liquors are treated with 0.25 % CaO 
(m the form of milk of lime), well mixed by means of a current of air and 
a^wed to settle. The clear solution is drawn off, made faintly acid with 
HCl skimnied and treated with a small amount of Algl 804)3 precipitate 
acids. The liquor is allowed to stand, alkali is added in slight excess 
and the whole filtered through a filter press. The filtrate is concentrated 
tn vacuo to 34® Be. and the salts which separate are removed. The crude 
glycerine is then purified by distillation with steam. 

According to the method of Rbbbitz (Germ. Pat. 155108) glycerine is 
obtamed as a clear 16 % solution (see Soaps). 

According to the Amer. Pat. 774172 glycerine is obtained by neutralizing 
the soap mother liquors with H 2 SO 4 ; the insoluble fatty acids are precipitated 
''^th Al 2 (SOAo, Al-soaps filtered off, the liquid evaporated, mineral salts 
^parated and BaClg added, so that BaS 04 and Ba-soaps are formed. Sufficient 
W 20 O 4 IS now added to combine with the greater portion of the alkalies (held 
oy the volatile fatty acids) while the fatty acids partly separate in an insoluble 
oration. They are filtered off with the BaSO., the filtrate is freed from 
^ 101)4 and the remaining volatile fatty acids by boiling in vacuo, NagCOj is 

£ 0 * 
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added and the glycerine distilled off. — The practical value of this patent 
appears very problematical. 

Tlie decomposition of fats by ferments treated under “Fatty acids” is 
also applicable to the preparation of glycerine as besides fatty acids an 
aqueous solution containing 40 — 50 % glycerine is obtained. 

The Germ. Pat. 141703 has for its object the preparation of glycerine 
from distiller’s wash, &c., the principle of the process (Chem. Ztg. 1903, 688) 
being as follows: — If distillers’ wash (e. g. molasses), is distilled in vacuo 
at a temperature not exceeding 300®, the remainder after the removal of 
glycerine and water at 300® is liquid and runs off. The time necessary for 
the removal of the glycerine and water depends upon the thickness of the 
layer. The principal feature of the process is to allow the wash to run down 
the walls of a vessel in which the pressure is reduced, heated to not more 
than 300® C. from without in such a way that the temperature can be regulated 
The wash enters in a liquid state without any mechanical assistance, passes 
through and leaves again, the process being continuous. First water and then 
glycerine is removed. The rate of flow must be regulated according to the 
size of the heating surfaces. The resulting steam is circulated and super- 
heated so as to separate solid particles which may have been carried over, 
and to assist the escape of the glycerine from the anhydrous mass. The 
same process is also protected by the Germ. Pat. 126788 with the additional 
patent 147658. 

In order to refine raw glycerine, which is of a dark colour, it is diluted and 
boiled with animal charcoal and then concentrated in vacuo. Chemically 
pure glycerine is obtained by distilling the diluted raw product with steam 
and distilling off the acid products which are volatile at 100 — 110®. The 
temperature is then gradually raised to 170® C (but not to 200® or decomposi- 
tion will take place). The glycerine passes over with the superheated steam. 
By employing suitable coolers the products are separated into highly con- 
centrated glycerine, very dilute glycerine and water. It is said to be advan- 
tageous to carry out the distillation in vacuo. 

Glycerine when pure is a colourless, viscid liquid with a sweet taste. It is 
very hygroscopic, when exposed to low temperatures for a long time it 
gradually crystallizes. When ignited it bums with a blue flame S. G. 1.2647 ; 
60% glycerine has a S. G. 1.1320. B. P. 290®. It gradually volatilizes at the 
ordinary temperature and can be entirely volatilized at 100 — 150®. 

When glycerine is rapidly heated it decomposes with formation of acrolein - 
vapours, which have a penetrating smell and cause coughing. The decom- 
position of glycerine corresponds to the following equation: 

CHj . OH CHj 

i " 

CH.OH = CH + 2H2O. 

. OH i:oH 

Glycerine Acrolein 

The largest amount of glycerine is used in the manufacture of nitroglycerine 
and the explosives related to the latter (dynamite, &c.). Because it does not 
solidify in the cold, it is used to fill gasometers. It is used to^ make leather 
flexible as it does not change in the air, for printing rollers, for the preparation 
of elastic moulds, for making copymg inks, stamp dyes, adhesives, blacking, &c. 

The same properties in addition to the fact that it is harmless, tastes 
sweet, and is not attacked by ferments extends its use : It is used in extract- 
ing hops, as an addition to lemonades and jam, in preserving numerous 
eatables, in perfumery, tanning, dyeing, calico printing, dress^, in extractii^ 
pepsine, and as an ingredient in various medicines. Formic acid, mustaro 
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Table (alter Li^z), showing the S. G. and coefficient of refraction of aqueous 
glycerine-solutions. 



s.o;. 

at 

IS*-14«0. 

Co^fl. of 
refraction 

at 

12.5— .12,8*0 

If 

S. 0. 

at 

12—14*0. 

Ooeff, of 
refraction 
at 

12.5—12.8* C 

ft 

s.a. 

- at 

12—14*0. 

Coeff. of' 
refraction 

at 

12.5—12.8* C 

100 

1.2691 

1.4768 

66 

1.1764 

1.4249 

32 

1.0825 

1.8746 

99 

1.2664 

1.4744 

66 

1.1733 

1.4231 

31 

1.0798 

1.3732 

98 

1.2637 

1.4729 

64 

1.1702 

1.4213 

30 

1.0771 

1.3719 

97 

1.2610 

1.4716 

63 

1.1671 

1.4195 

29 

1.0744 

1.3706 

96 

1.2584 

1.4700 

62 

1.1640 

1.4176 

28 

1.0716 

1.3692 

96 

1.2567 

1.4686 

61 

1.1616 

1.4158 

27 

1.0689 

1.3679 

94 

1.2531 

1.4671 

60 

1.1682 

1.4140 

26 

1.0663 

1.3666 

93 

1.2504 

1.4657 

59 

1.1566 

1.4126 

25 

1.0635 

1.3652 

92 

1.2478 

1.4642 

58 

1.1530 

1.4114 

24 

1.0608 

1.3639 

91 

1.2461 

1.4628 

67 

1.1505 

1.4102 

23 

1.0680 

1.3626 

90 

1.2425 

1.4613 

66 

1.1480 

1.4091 

22 

1.0663 

1.3612 

89 

1.2398 

1.4598 

55 

1.1455 

1.4079 

21 

1.0625 

1.3599 

88 

1.2372 

1.4584 

64 

1.U30 

1.4066 

20 

1.0498 

1.3585 

87 

1.2345 

1.4569 

53 

1.1403 

1.4061 

19 

1.0471 

1.3672 

86 

1.2318 

1.4555 

62 

1.1376 

1.4036 

18 

1.0446 

1.3559 

85 

1.2292 

1.4540 

51 

1.1348 

1.4022 

17 

1.0422 

1.3546 

84 

1.2266 

1.4625 

60 

1.1320 

1.4007 

16 

1.0398 

1.3633 

83 

1.2238 

1.4511 

49 

1.1293 

1.3993 

16 

1.0374 

1,3520 

82 

1.2212 

1.4496 

48 

1.1266 

1.3979 

14 

1.0349 

1.3507 

81 

1.2186 

1.4482 

47 

1.1238 

1.3964 

13 

1.0332 

1.3494 

80 

1.2159 

1.4467 

46 

1.1210 

1.3950 

12 

1.0297 

1.3480 

79 

1.2122 

1.4453 

45 

1.1183 

1.3935 

U 

1.0271 

1.3467 

78 

1.2106 

1.4438 

44 

1.1155 

1.3921 

lO 

1.0245 

1.3454 

77 

1.2079 

1.4424 

43 

1.1127 

1.3906 

9 

1.0221 

1.3442 

76 

1.2042 

1.4409 

42 

1.1100 

1.3890 

8 

1.0196 

1.3430 

75 

1.2016 

1.4395 

41 

1.1072 

1.3875 

7 

1.0172 

1.3417 

74 

1.1999 

1.4380 

40 

1.1045 

1.3860 

6 

1.0147 

1.3406 

73 

1.1973 

1.4366 

39 

1.1017 

1.3844 

5 

1.0123 

1.3392 

72 

1.1945 

1.4352 

38 

1.0989 

1.3829 

4 

1.0098 

1.3380 

71 

1.1913 

1.4337 

37 

1.0962 

1.3813 

3 

1.0074 

1.3367 

70 

1.1889 

1.4321 

36 

1.0934 

1.3798 

2 

1.0049 

1.3356 

69 

1.1858 

1.4304 

35 

1.0907 

1.3785 

1 

1.0026 

1.3342 

68 

1.1826 

1.4286 

34 

1.0880 

1.3772 

0 

1.0000 

1.3330 

67 

1.1796 

1.4267 

33 

1.0852 

1.3758 





oil and allyl alcohol are prepared from it. It is also used in glue and gelatine 
works ana for many other purposes. 


Test. Ceudb olyobrinb, Dynamixk aiiXOBBtKB and Chxuioaixy pubb 
OLYOBRINB are the three main kinds known commercially. Crude glycerine 
is called according to its source saponification-, distillation- or “lye**-^yo«ine. 


^e first, obtained from stearine works in the process of saponifying with 

llfMA rkW Mta/vnAaiA aamA'A^ma aUa..!. 1/ <1/ 


lime or magnesia, contains about ^ % ash (conWning a good of Ca 
or Mg), is light yellow to dark brown in colour and has a pure sweet taste. 
Ura^y of 2»° B 6 , When HCl is added it does hot become cloudy ; wirii acetic 
acid it gives a slight p^ipitate which slowly settles. — Distillhrion ^ycerine 
(sapqiufieatton with &SO 4 ) is 8 traw-colou]m to dark wine-r^, smmls dis- 
apal^andhhaanast^enttasto^ Ash, to3.6 %; density 28® B6.:84*-86% 
glyoqlihe. HQIftoms it cloudv (fatty adds), acetic acid gives a thick preci- 

^at afeWiied from the lyeof sdikp^riEs; 
^ has a salty taste, contains 18 % arii.(moBtly 

Nap, aim Ki^CX}s^ HaOH, Ac.) and many organic impurftiM, like dhe, 

rosift,j% 
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Glyobrine phosphoric acid. 


Sa^nification and distillation glycerine are distinguished by their reaction 
witn HCl and acetic acid, while lye glycerine is recognized by the amount of 
ash, high concentration and strong chlorine reaction. 

llie quantitative determination of impurities is best effected according to 
the “Hamburg method’* (by the Hamburg Dynamite Co., Ltd. — Dynamit- 
Actiengesellschaft Hamburg): In a smaB stoppered retort 20 g glycerine 
are heated to 100® for 8 — lO^^hours, weighed and heated again for a few 
hours at the same temperature. The difference between the two weighings 
is generally only a few centigrammes; the total loss is water. 6g glycerine 
are heated to 180® in a shallow platinum vessel until vapours are no 
longer given off. After continued neating a constant weight is generally 
obtoin^. The difference between the weight of crude glycerine and 
the sum of the weights of water and residue is reckoned as “Pure 
olyobrinb’’. Finally the residue after ignition is determined. — ChemicaUy 
pure glycerine should not contain more than 0.03 % ash and the same amount 
of organic impurities; for dynamite the sum of botn should not exceed 0.36 %. 

Inorganic substances are determined in the ash by the usual methods. 
The determination of chlorine should not be made directly but in the ash. 
Not infrequently oxalic acid is present which is determined by neutralization 
with NHj, acidifying with acetic acid and precipitating with CaClj. 

The percentage of glycerine, determined indirectly by the „Hamburg method*', 
can be determined (Erectly by calculating the S. G. or the coefficient of refrac- 
tion. For both determinations consult the table by Lenz given above. When 
determining the S. G. of glycerine it must be free from air bubbles. This 
end is best attained with concentrated glycerine by warming in a retort 
with warm water a larger amount than is required and causing the bubbles 
to rise by shaking; after cooling the S. G. is determined in the usual way. 
In a veiy simple manner and with a few drops the contents of glycerine may be 
determined by means of a refractometer, but the coefficient found will be 
correct only when the temperatures given are closely observed. 

Glycerine ; 

Domeier A Co., 8 Harp Lane, London E.C. 

Glycerine Plant: 

G. Soott A Son Ld., 2 Talbot Court, London E.C. 

Glycerine apparatus: 

Friedrich Heokmann, Berlin SO. 16, Briiokenstr. 6b (see advts.). 

Glycerine Vacuum-Distilling Plant: 

Volkmar Haenig A Comp., Heidenau*Dresden, Germany (see front part advt.). 

Glycerine phosphoric acid. CgH^lOH), . 0 . PO(OH) 2 . Formed by mixing 
PgO.n with glycerine. It is known only in aqueous solution. The commercial 
arti(3]e is either a 20 % or a 60 % solution. 

It is a dibasic acid. Some of its salts are used medicinally, and have a strong 
action on the nervous system. It is in this form that phosphorus is assimilaM 
by the system. 

The name Tonol is applied to preparations of the salts, Kalio>tonol for 
example being potassium glycerine phosphate. 

Glycine see Glycocoll and Photoorafhio chemicals. 

Glycocoll (Amido-aoetio acid). CHjfNHj) . COOH. Usually obtained from 
hippuric acid by heating with cone. Hd under a reflux condenser. The 
hippuric acid decomposes giving amido-acetio and benzoic acids. It may be 
prepared synthetically by the action of ammonia on monochloracetic acid. 
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Large colourless crystals M. P. 236°, readily soluble in water, insoluble in 
alcohol and ether. 

Glycollic aeld (OxYACETic acid) CH^OH.COOH. It is formed when 
chloracetic acid is boiled with CaCOj, when glycerine is oxidized with AgjO 
or by the reduction of oxalic acid with Zn and H 2 SO 4 . 

It can be prepared electrolytically (Amer. Pat. 837083) by electrolysing 
oxalic acid plac^ in the cathode chamber between lead electrodes. The 
oxalic acid is kept warm and the product of reduction dissolved in HjSO^ 
of such concentration as to neutralize the non-conducting action of the oxalic 
acid. It forms colourless, easily soluble needles, M. P. 80®, which have a very 
sour taste. 

Gold. Au. Atomic weight = 197,2. This metal is almost always found 
native, and usually contains silver. More rarely it is found combined with 
other metals (e. g. mercury). Traces of gold are also found in many ores. 
Gold is, however, principally obtained from primary rocks and to a lesser 
extent from secondary rocks. 

The gold washed down from the rocks is separated by water from the 
lighter mineral matter. The gold-containing rocks are treated with powerful 
water jets under a pressure of 4 to 6 atmospheres. The parts which are washed 
away pass through long channels in which the heavy gold sinks to the bottom, 
while the lighter mineral substances are carried on. Mercury is placed at 
the bottoms of these channels in order to catch the lightest and^ smallest 
particles of gold. From time to time the gold amalgam is removed and after 
purification distilled in retorts. The mercury distils over and the pure gold 
remains. If the gold is found embedded in quartz and other stones, these 
are crushed and treated mth mercury. The mercury -gold alloy thus obtained, 
the so-caUed amalgam, is also heated in retorts. In such cases it is im- 
portant that the stones or rocks should be thoroughly crushed in specially 
constructed machines or mills and the mercury intimately mixed 
with the crushed ore. If the gold is mixed with gravel or sand, it must be 
roasted if amalgamation is to follow. The process of roasting is not always 
an oxidizing, but may be a chlorinatng j)rocess. In the Tatter case the 
“coating"’ which is so often formed and which hinders the amalgamation, is 
removed. The roasting is in this case carried on in presence of 
chlorine. 

Mixed gold ores are not well adapted to the amalgamation process, and are 
usually smelted. The ore is smelted with lead, more rarely with copper: 

gold and lead combine, and are afterwards separated by cupelling amd 
refm™. Compare Silver. The extraction of gold by the chlorine and 
cyamde processes is important. 

•J? chlorine process the ore is roasted, moistened with HjO and treated 
with chlorine. By extraction with HjO the gold chloride produced is dissolved 
and the Au is precipitated generally with FeSoj. The Au is finally re-smelted 
with borax. 

■^e cyanide process is of especial importance as it is possible to act directly 
on the unroastw ore. Potassium cyanide dissolves gold and gold sulphide, 
ihe ore is usually first treated with mercury, the cyanide oeing applied 
^iter amalgamation) in the form of potassium cyanide solution ( 0 , 0 ^-- 0 ,l %). 

* soluble potassium auri-cyanide thus obtained, the gold is precipitate 

in the Forrest method by means of zinc. This method is, however, only 
suc^ssful for solutions which are rich in potassium cyanide. Various modi- 
icauons of this process have been proposed. The zinc-lead process introduced 
y has been used. Zinc filings are coated with lean by dipping into 
® % solution of lead acetate and are then introduced into the vat. 
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W. Siemens’ modification of the cyanide method is of great importance. 
This consists in separating the Au from the potassium auri cyanide by means 
of an electric current. 

The steeping vat used consists of cylindrical casks of wood or steel plates 
provided with a filter composed of cocoa-nut matting over a wooden grating. 
The size of the cask up to 800 cbm is so chosen, that each can hold the one 
day’s production. The number of casks depends on the amount of time 
necessary for steeping. As this usually takes 5 — 1 days, 5 — 7 casks are 
necessary. The result of the lixiviation is in accordance with the equation:- - 

Auj -f- 4 KCN 4- HgO -f 0 = 2 KAu(CN)3 + 2 KOH. 

The necessary oxygen is contained in the water and in the pulverized ore 

A method protected by the Germ. Pat. 138867 is to make use of raw product 
instead of pure KCN. This crude substance is obtained by the action of N 
on carbides. It can be used for the preparation of pure cyanide salts, though 
according to the above patent the crude substance serves the same purpose, 
and thus obviates the expense of refining. Compare Calcium compounds. 

The solution obtained after treatment with the cyanide flows through a 
wooden box divided into several compartments, for the purpose of electro - 
lytical separation. In this iron plates are fitted as anodes and strips of lead 
foil as cathodes. A current of 2 volts and about 0,5 Amp. per square metre 
of electrode surface is used. An apparatus 7 m long, 1.5 m broad, and 1 m 
high consumes about 100 Amp. and reduces 50 cubic meters of solution in 
24 hours. The gold separates on the lead cathodes in a dense form, 
which is removed from the apparatus at the end of each month 
and melted down. The lead bars containing gold to the extent of % 

are refined by cupellation. The lead oxide is reduced to metal and rolled out 
into thin sheets. 

The equipment of works for Siemens’ cyanide process capable of treating 
100 tons daily costs about £ 4500 excluding the building costs. The cost of 
labour 2/6. — to 3/. per ton. 

Cyanide extraction is also now of special importance in the treatment of 
the slime and mud of the amalgamation residues. This mud which still 
contains gold is treated either by the Decantation or by the Filter press 
PROCESS. In the first case the amalgamation residues are picked up by 
patent scoops and separated into sand and soft mud. The slime is then treated 
with lime whereby not only are the dissolved acids neutralized, but the fines 
particles are more easily separated. These particles are then' finally recovered 
by extraction with a 0.01 — 0.02 % solution of KCN. 

The second process mentioned consists in the simple process of putting the 
slime into filter presses and treating the cake first with weak KCN solution, 
then with H 2 O and finally with compressed air. The Diehl process is a 
modification of the usual cyanide treatment ; it has proved very successful 
in treating tellurium gold ores. The extracting liquor is a mixture of bromine 
cyanide and potassium cyanide solution : — In this mixture, which corresponds 
to the formula KCN 4 BrCN = KBr 4 2 CN, not only the CN of the KCN 
but another molecule of CN is set free so that a powerful gold solvent is formed. 
The ores which are to be treated by this process are pulverized in mills, then 
well roasted and separated into sand and slime. The sand is amalgamated, 
the residue of the amalgamation process is then mixed with the slime and treated 
further in the filter press witn bromine cyanide and potassium cyanide. 

A new method for treating auriferous mud deposits is that due to Moore. 
A system of filter plates is let into the mud, which is drained thoroughly 
and treated with dilute KCN solution. After this it is washed and the cake 
is still further washed by drawing water through by suction. The cake ie 
removed from the frame by air pressure. 
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Another process still remains to be mentioned viz. that of Hendrix. 
In this process the precipitation of the gold is carried out in the same vat as 
the cyanide extraction. The ore is pulverized, KCN being added and then 
mixed with alkaline cyanide solution in a cask with a funnel-shaped bottom 
and a stirring apparatus. The liquid is thrown out by the apparatus and flows 
back into the holder over electrodes (amalgamated copper plates and lead- 
covered iron plates) with the result that the gold is separated by the electric 
current which passes during this treatment. In order to separate native ^old 
from the Ag and the Cu with which it is always mixed it can be melted in a 
chlorine current, the two former metals being first acted upon by the chlorine. 
The separation is usually carried out by the wet method, e. g. by heating with 
HNO3. As however this treatment is only reliable when 2 to 3 times as much 
Ag as Au is present, gold which contains but little silver must be first melted 
together with more of the latter metal. An important process of separation 
is that known as the Affination method. Tliis method is to heat with 


concentrated HgSO^. The Ag and Cu are extracted while Au is not attacked. 
The method of Electrochemical refining is however cheaper than the 
affination process and causes less loss of silver. It is carried out by theMoBBius 
method which in a very short time has proved to be practical and trustworthy. 
HNO 3 in this case serves as electrolyte into which the plates of silver containing 
gold are hung. The Au attaches itself to the anode, and all the other metals 
pass with the Ag into solution. The silver alone then forms crystals on the 
sheet silver cathodes. The alloy to be separated must be at least 950 parts 
fine. The most unfavourable results are obtained when a too large percentage 
of Cu is present, as then this metal separates on the cathode with the Ag. 

Recently a weak slightly acid AgNOg solution has been used as electrolyte 
in place of HNO3. work is carried out with about 1,5 volt and a current 
density of 350 Amp. per 1 sq. ra. The Ag obtained by the electrolytical 
method is, after melting, 999 parts fine. The anode plate sare consumed in 
about 40 hours ; the residual gold mud falls into the cotton bags in which they 
are hung. From time to time the gold slime is taken out, boiled with HNO, 
to remove the last traces of Ag, and finally melted down, then 3 delding a gold 
of 999 degrees of fineness. 

Pure gold is soft and the most ductile of all metals. The thinest gold 
jeaf has a blue green lustre. Its specific gravity at 17.5® is 19.33, and its melt- 
ing point according to the most recent investigation of Holborn and Day 
is 1063.5 — 1064® C. This metal is soluble in chlorine water and aqua regia 
and is acted upon by caustic alkalies and by fused alkaline nitrates. Con- 
siderable interest has recently been excited by an English method for obtaining, 


on a commercial scale, the gold contained in sea-water, oimilar reports 
have often indeed before this been spread abroad, but without receiving 
^ny serious consideration from the scientific world. In the present case 
however the matter appears in quite another light, for no less a personage than 
biR William Ramsay is quoted as the prime-mover in the enterprise. It is 
therefore with the greatest interest that scientists and practical men await 
further reports on this subject. Ramsay gives 0.065 g Au per ton of sea-water 
as the average yield. 

Gold has also of late become known in colloidal form so that it appears 
ip a state of solution. Compare Collaurinb and Colloidal bodies. 
Accorebng to Vanino and Zsigmondy a red gold colloid is obtained by the 
reduction of dilute solutions of gold salts with formaldehyde, a blue gold 
hydrosol by the reduction of perfectly neutral AuClg solution (1 : 1000) 
JJ^ith hydrazine hydrate (I : 2000) or still better with phenyl hydrazine 
hydrochloride. A red solution of gold is formed according to Kubspert by 
tee action of sodium silicate containing formaldehyde on AuCl^. 

Pure gold is seldom used on account of its softness. Pure gold in the form 
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of leaf is used for gold plating and in dentistry. When alloyed it is used for 
coinage, ornaments, Ac. and preparations of gold are used in photography 
and for the painting of glass and porcelain. 

Gold (Liquid). Dark brown, rather viscid liquid of aromatic smell, used 
for painting China. It is applied with a brush, allowed to dry and then burnt 
on. It contains about 10 % gold (as chloride), resins, lavender oil and bis- 
muth; the details of the manufacture are kept secret. The use of rhodium 
as an addition to these preparations is interesting ; it has been found that the 
presence of rhodium insures the required resistance after burning. 

Gold Alloys. In consequence of its softness and to prevent rapid depreciation, 
gold is always used in the form of an aUoy. The metals in question are generally 
melted in graphite vessels, and graphite rods are used for stirring. 

The gold contained in alloys is expressed in carats. Pure gold contains 
24 carat; so 14 carat gold for instance contains 14 parts by weight of gold, 
and 10 parts of some other metal. In Germany the gold contained must be 
1 14 

expressed in so 14 carat gold contains - X 1000 — 585 approx, of 
lUUU 

fine gold. 

Alloys of gold and silver are called white caratings, of copper, red and 
with both metals mixed caratings. It is possible to vary the colour from 
brilliant red to pale yellow. Other colours are obtained by the use of other 
metals, for instance grey gold consists of 30 Au, 3Ag and 2 steel-dust; blue gold 
of 1 — 3 Au and 1 steel; green gold of 750 Au, 125 Ag, and 125 Cd. Other 
colours can be obtained % caustics. Very poor trinkets are treated with 
H2SO4 or HNO3 which removes Ag or Cu from the surface making the gold 
more visible. Bluish black ornaments of gold consists of about 90 % Cu, 
10 % Au and a little Sb; the dark-blue surface is obtained by the action of 
a boiling solution of CUSO4 and alum. 

German coins are almost exclusively made of gold containing 900 parts per 
1000; jewellery of gold containing 200 to 800 parts per 1000. It snould be 
noticed that real gold bronze (shell gold, artists’ gold) is pure gold and not 
an alloy; it is made from the residues of gold- beating works or obtained as a 
precipitate from a gold solution. 

Gold bronze see “Gold alloys” and “Copper alloys”. 

Gold colours. Only one gold preparation is used as a colour, gold purple 
or purple of Cassius. The composition of purple of Cassius is not quite certain : 
While formerly it was thought to be gold stannate it is now regarded as stannic 
acid containing very fine particles of metallic ^Id. There are numerous 
prescriptions for preparing purple of Cassius. For instance a solution of 
stannous chloride is mixed with so much ferric chloride solution that the 
mixture appears green. This is poured drop by drop with constant stirring 
into a very dilute (about 2 %) solution of gold chloride : after some time 
purple of Cassius settles to the bottom. 

It is not used as a paint, but is exclusively employed to colour glass purple 
red (see “Glass colours” and also in painting glass and China. 

It is brownish-red to purple, a very light and fine powder, containing 20 — 40% 
Au. Usually, however, preparations containing less gold are used. 

Gold compounds. Gold chloride and sodium auri -chloride are the only 
compounds of Au which are of industrial importance. 

1. Gold chloride. AuClo. This compound is formed by dissolving 
Au in aqua regia. It forms a aark brown, crystalline substance which readily 
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deliquesces. It dissolves in HgO, alcohol, ether, and various essential oils. 
The solution colours organic substances (e. g. skin, paper, linen, wool, &c.) 
red and has a strong caustic action. The solution of AuClg can be decomposed 
and the gold separated by many substances such as FeS04, formic acid, 
metals, &c. It is used in glass and porcelain painting, in photography, for the 
manufacture of purple of Cassius and of fine gold for gilding, and as a medicine. 

2. Sodium auri-chloride. NaAuCl4 -f 2 H2O. Obtained by concentrating 
a mixture of AuCl., and NaCl solutions. It forms orange yellow crystals and 
is employed for the same purposes as gold chloride particularly for toning 
the paper positives in photography. This substance contains about half as 
much gold as AuClg. 

Gold Compounds: 

Johnson, Mathey & Co. Ld., Hatton Carden, London E.C. (flee ndvt.). 

Gold leaf see “Foils, metallic**. 

Gonorol. This is only an approximately pure sanatol. It is used for treat- 
ment of gonorrhoea. 

Goudron. A by-product in the distillation of brown coal-tar. The resins 
are freed from acid by rinsing in water and distilling with varying amounts 
of creosote oil ; accorfing to the proportions of the ingredients and according 
to the length (of time) of the distillation goudron or the so-called German or 
artificial asphalt is obtained. Goudron is also prepared from natural asphalt 
by melting asphalt-stone with mineral-tar. Finally the tarry substances left 
in refining mineral oils (q. v.), (i. 0. in the treatment with H2SO4 and rinsing 
with HjO) is used to prepare goudron. 

Goudron is used in liquid asphalting, for insulating (electrical), and for 
painting damp walls and basements. 

Graphite (Plumbago, Black lead). An allotropic form of C, occurring 
naturally as crystals. Graphite is formed when the carbon dissolved in cast 
iron crystallizes out, by the decomposition of cyanogen compounds, &c. &c. 

Natural graphite must be purified before it can be used. This is done 
mechanically by rinsing and then chemically by boiling in H2SO4 and HNO3 
(to remove Fe), or by warming with KClOg and dilute H2SO4. Finally the 
graphite is rinsed in HgO and dried at a moderate heat. SiOj when present 
is removed by a treatment with NaF -f H2SO4. 

The Germ. Pat. 161722 protects a process of obtaining graphite leaves from 
the less valuable fine grained graphite. The method consists in subjecting 
the graphite, either alone or with some cementing agent (e. g. resin powder, 
bitumen, paraffin, &c.), to high pressure between rollers. 

Graphite is iron black to steel black, shining, infusible, non-volatile, in- 
soluble in all solvents, very difficult to bum, S. G. 2.1 — 2.3. It is used in 
the manufacture of pencils, for making crucibles, as a preventive of rust, 
to make the moulds used in electrotyping conductors, &c. 

Recently artificial graphite has become important. According to the Amer. 
1 at. 568323 it is obtained as a by-product in the manufacture of silicon 
carbide (see “Carborundum”) a greater 3deld of graphite resulting from 
impure carbon or such which contains iron. Achbson, the inventor, 
uses carborundum furnaces to prepare artificial graphite and 
graphite electrodes. The latter are made by moulding a mixture or petroleum 
coke ^d pitch (containing a little silicic acid or iron oxide to form carbide) 
required shape and heating them in the furnace to a temperature 
above that at which Fe and SiOg volatilize. Graphite, intended for making 
paint, crucibles, &c., is made from anthracite. 
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The manufacture of graphite as largely carried out in America (Niagara) 
by the Achbson method is very simple. The carbon is placed in rectangular 
firebrick vessels 9 m long, the walls of which are lined with carborundum. 
At the ends are large carbon plates bv means of which the current passes 
through the contents of the furnace. The mixture consists of 3 to 3.6 parts of 
carbon or coarse anthracite covered with small coal. This is heated by an 
alternating current (210 volts, 1400 to 1600 amp.). After some hours the 
strength is raised to 3600 amp. and the temperature necessary for the formation 
of graphite is attained. After 24 hours, the conductivity of the mass increases, 
the current rises to 9000 amp., and the E. M. F. falls to 80 volts. The power 
developed (1000 H. P.) is sufficient to convert the whole into ^aphite. If the 
original carbon contains 6 — 10 % ash, all but about 0.6 % is so converted. 
If the carbon introduced is previously moulded, the resulting graphite is of 
the same form. In this way plates up to ^ cm long and 6 cm x 20 cm in 
section, or cylindrical rods up to 1 m long x 6 cm diameter can be obtained. 
These electrodes are very resistant to the action of chemicals, and are easier 
to work than the ordinary carbons. The amorphous graphite can easily be 
ground and the powder used for the manufacture of pencils. 

According to Germ. Pat, 112416 COj + CO are passed over carbide heated 
to red heat, or a mixture of acetylene, COg and CO are led through a red hot 
tube. The carbide, CO^ and CO all decompose. Such a mixture can also be 
exploded in some other way, but in each case decomposition occurs in the 
sense of the following equations 

1 . + 

2. 2C2H2 + C!0a«6C + 2H20. 


When carbide instead of acetylene is used these equations hold, except 
that CaO is formed instead of water. If acetylene is combined with CO and 
COj an amorphous C-containing soot of excellent covering properties is 
obtained. On the other hand when carbide is used, with a mixture of CO -}- COj 


the carbon separates as graphite. This graphite after it is separated from 
the other products of the reaction by mechanical and chemical processes 
is at least as good as that obtained by Achbson's method. 

According to Supplement to Germ. Pat. 174846 graphite is obtained from 
carbide by the action of substances which liberate carbon. The reaction takes 

n heating, or under pressure, the substanc^ used being d, Br, I, N, P, 
, HBr, HI, HjS, NHg, organic halogen — sulphur — or nitrogen* 
compounds or reducible compounds of the alkmies, alkaline earths, and earths. 

There are other methods for the preparation of graphite but they are of 
less importance. 

According to Acheson, stable graphite emulsions can be obtained by grinding 
graphite in an aqueous solution of ammonia and tannic acid. The emulsion 
can be mixed with water and mineral oils without the separation of 
gr^hite, and can be used as a lubriocmt for machinery, 
d. Retort graphite 


Black lead (Graphite): 

Aflenzer Orafit* und Talksteingewerksohaft O. m. b. H., Aflenz (Steierm.>wk). 
Humann A Teisler, Bez. Dresden, Oeraumy. 

Grey lime see OALcniM acetate. 


Grignard's^ reaetion see *'Reaobnts and Reactions'*. 


Grinding mills see „MILLs'^ 

Grinding or polishing Materials see „PoLrsHiKG or grindinq materials*' • 

Grinding or polishing materials: 

Canningn, Great Hampton St., Birmingham. 
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firiaerine. A aiixliW df tOBBWNB {%. v.) with U6 % NaHW,. Re* 
nomi^nded as a 4 internal amtiseptio M caaes of tuberouloeiB and vanous 
other diBeaaed. Opimms as to its value are contradictory. 


Guaiacol. (BtoKM* oa^ C ^(OHHOCHa) [1 ; 2). 9hief con- 
Btituent of beech-wood creosote. In order to obtam it beech-tar is custiUea 
and the fraction oomiiig over between 200 and 205® is collected. The guaia^l 
is separated by washing with strong NH 3 and then adding an alcoholic solution 
ofKOH when the potassium guaiacolate is formed. This is washed with ether, 
recrvstailized from alcohol mi decomposed with dilute H2SO4. It is again 
purified and may be obtained in crystals by allowing its solution in petroleum 
ether to evaporate. 

It may be obtained synthetically (Germ. Pat. 95339) by diazotizing o-ani- 
sidine and distilling the soluttbn acidified with H^SO* in a current of steam. 

It is a clear, colonrless or pale-yellow oily liquid (or colourless crystals 
M P 28.6®). B. P. 200— 206®. Sduble in about 60 parts of water, 7 pa^s 
glycerine, easily soluble in alcohol, ether, chloroform and carbon bisulphide. 

Because of its Specific action on the tu^clp bacillus it is used largely in 
the treatment of tuberculosis. 


Guaiacol carbonate see “Duotal**. 

Guaiacum resin. Occurs in the wood of the West Indian 
guaiacum tree (Gimwciiw.. d//fcindfe)i The most valued kind (grains or 
drops) exudes spontaneously from the tree, but the resin in lumps is obtamed 
by heating the wood or by existing it with filing water . t» oen 

Greenish or leddish-brown reiisffin with a peculiar smell, 8 . 6 . 1.2; B. P. 86 ; 
acid number (direct estimation) 29 — 45; acetyl acid number 13 — 23; acetyl- 
ester number 120—160; acetyl saponification number 163 — 193; methyl 
number 73— 84; ash 2—10 %. Solubility:— In alcohol at least 80 ®/o; 
in water 3 — 5%; in petroleum ether 0.06 — 10 . 0 %; in ether and benzene 
20-90 ®/o; in 0^12-38%. ^ . . ' . • 

In air it turns first green and then blue. A characteristic rewtion is the 
change in colour of a solution from green to blue on the addition of HiOf. 
It is used in medicine (see Guaiacol), 

The so-caUed perfum^ guaiacum or Peru guaiacum is of an entirely different 
nature and of different properties. 

Guaiasanol. Diethylglycocoll guaiacol hydrochloride 
/OCH 3 

* *\0.CO.CH,.N(C,H,),.Ha 

It is prepared by the action of cbloracetyl ohloride on guaiacol and treatment 
of the product so obtained with diethylaiUine. 

White prisms M. P. 184®, very ea^y soluble in water, sparingly soluble 
in alcohol, insoluble in ether. In the body it is decomposed with formation of 
guaiacol, and since it has no injurious action on the mucous membrane and 
is easily absorbet^i it is used as a sul^utaneous injection and k alto prescribed 
for internal use m tubercialosis of the luxigs, larymz, and intestinw Dose 
^ — 12 g daily or imbcntahabu^ 3^— 4g in strox^; aquaotxs solution. 

Guano. The dsoom exoroinent of tea-biids, a Ught or dark br^ 
earthy or detise subsWee vrith a atrmxg ax^ smell. Found m 

Peru, 0x1 the coast of South-West Africa, in AustifaBa, Egypt and on 
various islanifo. Gu^d is one of the best manures, containing on ah average 
10— 16 % pho^horic acid. The ghand fdrineily fouhd contained so much 
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organic substance that the amount of nitrogen was approximately equal to 
that of phosphoric acid. At present, however, the nitrogen of the various 
kinds on the market has sunk to about one half of this or even less. 

The so-called Phosphatic guanos, found on the islands of the Atlantic 
ocean and the South Sea differ from ordinary guano. The organic substance 
has been dissolved or decomposed by water (storm floods and rains). They 
form a brown powdery substance with from 32 — 40 % phosphoric acid. 

See “Manures, artificial**. To facilitate the use of guanos as manure 
they are frequently treated with H 2 SO 4 , sieved, broken up and made of an 
average composition by mixing different kinds. 

Guignet’s green see “Chrome colours*’. 

Gum -resins. Mixtures of gums and resins obtained by the hardening of the 
juice of different plants. 

1. Gum ammonia. A gum obtained from a Persian umbelliferous plant. 
It forms yellowish-white to brownish-red grains or lumps which burn with 
a smoky flame. It is used medicinally and as a constituent of many adhesives. 
Numbers: — Acid (direct estimation) 66 — 136; ester 60 — 100; saponification 
(hot) 146 — 236; saponification (total) 99 — 165; methyl 8.6—11; ash 1—10 %. 
Loss at 100® 2 — 15 %. Only partially soluble in all indifferent solvents. 
Water dissolves 20 %, alcohol up to 90 %. 

2. Euphorbium. Dried juice of an Euphorbia found in Morocco ; it forms 
yellowish or brownish, translucent brittle pieces of the size of hazelnuts, 
which are hollow and have a burning taste. The dust has an irritating effect 
on the mucous membranes. Used externally only. 

See also Galbanum, Caoutchouc and Guttapercha. Other gum-resins 
such as myrrh, opoponax, &c. are of importance only medicinally. 

Gums. Gums are vegetable substances which swell up in water in which 
some are soluble, insoluble in alcohol and other resin solvents. According to 
their chief constituents three kinds are distinguished, those containing 1 . ara- 
bine, 2. cerasine and 3. bassorine. 

1. Gums containing arabine. The most important representative is 
gum arabic (gummi arabicum), also called gum acacia. It is the dried juice 
of several kinds of African acacia. The two sorts, viz. the true gum arabic 
(CoRDOFAN gum) and Senegal gum differ only slightly as they come from the 
same tree though from different countries. 

Pale yellow to brown red-pieces of varying size ; completely soluble in HgO. 
S. G. (at 16® C) 1.487. Much used as an adhesive, ingredient of inks, paints, &c. 
The substitutes, like Cape gum and Australian gum are not entirely equivalent 
to real gum arabic. 

Test. In consequence of its high price gum arabic is often adulterated. 
The adulterations are insoluble cherry resin, dextrine, and (very frequently) 
Senegal gum. 

Gum arabic occurs as irregular transparent glassy pieces, varying from the 
size of lentils to that of walnuts. It is brittle, white or yellow to brown, marked 
on the surface with cuts, &c., easily broken up and powdered. It 
does not become moist when exposed to the air; when broken it exhibits a 
glittering conchoidal fracture and with cold H^O forms a nearly clear solution 
which is thick, slimy and viscous, draws out m threads a little, though it is 
not tough nor jelly-like; it is slightly opalescent, very adhesive ana has a 
slightly acid reaction. \^en chewed gum arabic breaks and dissolves easily 
in the mouth with a faint slimy taste. 

Senegal gum forms larger, more transparent pieces, either colourless, light 
yellow to reddish or white at the surface, looking like ground glass, trana- 
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rent and shiny in the interior. Cracks penetrating to the interior are less 
frequent than in gum arabic. On the other hand it has large air-bubbles. While 
the exterior is rough and not very lustrous the fracture is conchoidal and very 
bright. The pieces are usually long, straight, twisted, cylindrical or worm- 
like biit rouna pieces and frequently mulberry -like pieces composed of many 
small drops also occur. 

These characteristics are sufficient to distmguish between gum arabic 
and Senegal gum if the pieces are not ground. This will also be sufficient to 
show the absence or presence of other gums. Another point of distinction 
between Arabian and Senegal gum and gum arabic is that tne former gradually 
becomes moist in the air. It also becomes only slightly cloudy with mercurous 
nitrate and becomes very thick on the addition of borax. It is less soluble 
in HjO ; the solution is more slimy and gelatinous and easily coagulates when 
treated with many chemicals. 

2. Gums containino cbrasinb. One of the main representatives of these 
is cherry gum, forming spherical and kidneyd-shaped pieces yellow to 
red in colour, gathered from stone fruit trees like plum, cherry, apricot, &c. 

3. Gums containing bassorine. One of these is tragacanth obtained from 
the various kinds of Astragalus of Persia, Syria and Kurdistan. Tragacanth 
exudes from incisions in the bark and hardens in a few days. 

White or yellow to brown pieces, tasteless, tough, difficult to powder, 
swells in HgO. The powder forms an opalescent solution with water. It is 
used industrially for thickening colours, in cloth dressing, in confectionery 
work, &c. It is also used in the preparation of medicines. 

Test. Gum tragacanth is comparatively easily identified by the physical 
properties already mentioned: Odourless and tasteless, translucent, homy, 
and so tough that it is powdered only with difficulty. In HjO only a very 
small portion really dissolves ; but it swells to a slime which though not sticky 
is a good adhesive which can be mixed with a large quantity of water. 

British Gums: 

H. Preston & Co., Bury, Lancs. 

Gun cotton (Nitrocellulose, trinitrocellulose; hexanitrocellulose ; pyr* 
oxyline) is n . NOg)., or C,2Hi404(0 . NOg)^. 

Gun cotton is obtained by nitrating cotton with a mixture of nitric and 
sulphuric acids (see” Nitration”). The cotton must be pure freed from 
fat by treatment with dilute NajCOa solution, rinsed with H2O, then treated 
with warm dilute HNOg, rinsed again and dried at about 110° C. Finally 
before nitrating it is cut into threads by a machine. The acid used for nitrating 
consists of 1 part HNO3 (S. G. 1.516) and 3 parts H2SO4 (S. G. 1.842). Mixing 
and transferrmg of the nitrating acid to the nitrating vessels is done as in the 
case of nitroglycerine (q. v.). Formerly nitration was carried out exclusively in 
square cast iron vessels, cooled by HgO, into which the cotton was dipped 
with an iron fork, stirred about and after a certain time pressed out on a 
gnd above the vessel. At present the nitration is also done in lead vessels 
preferably fitted with a centrifuge machine. The raw gun cotton is washed 
repeatedly in vats with cold and warm HgO and then freed from the last 
traces of acid by boiling with HgO (formerly CaO, NagCOg, precipitated chalk 
were used) and finally centrifuged. Then the gun cotton is tom up in tearing 
mills (see “Paper”), centrifuged again and dried on warm plates at 40 — 60°. 
the latter process is dangerous for various reasons, as gun cotton while drymg 
becomes electric. On this account it is frequently treated with 
alcohol instead of being dried in air (i. e. if the kind of gun cotton or its intended 
use permits this to be done, as for example in the manufacture of certain kinds of 
smokeless powder). The water contamed in the gun cotton is by this method 



320 


Gunpowder. 


replaced by strong alcohol. The gun cotton is impregnated with alcohol in 
closed vessels by means of air under a pressure of several atmosphere. The 
excess of alcohol is afterwards removed by hydraulic presses. 

According to the Germ. Pat. 150319 the nitrocellulose (gun cotton, collodion 
wool, &c.) in order to remove rapidly all acids and to render it stable is treated 
with dry superheated steam in centrifuges. In this way the unstable com- 
pounds are decomposed and removed with the condensed water. After 
steaming the nitrocellulose is rinsed first with hot and then with cold HjO in 
the centrifuge. 

The English Pat. 5126 (1904) prepares nitrocellulose by dissolving cotton 
at a temperature of 2 — 3® C in 5 parts concentrated H2SO4 with about 2—3 % 
NHO3, afterwards adding 2 parts HNO3. The nitrocellulose is precipitated 
in hard sandy lumps. After a few hours, when the substance lias become 
hard, it is rinsed in a filter press. Nitrocellulose thus obtained forms a fine 
slowly burning powder whicn does not explode readily. 

For military purposes gun cotton is mainly used in the compressed state. 
In this case the centrifuged, though still moist gun cotton is at first placed 
in a lever press and then an hydraulic press, where a cylindrical or prismatic 
form is imparted to it by a pressure of 600 atm. 

Granular gun cotton is obtained by moulding the pulp — when leaving the 
tearing machines — into plates and cutting them up. The grains are dipped 
into acetic acid for a moment in order to give them a hard surface. 

Gun cotton as far as appearance goes, looks just like cotton. It is not quite 
so white and is a little harder to the touch. It is insoluble in HgO, 
alcohol and acetic acid, soluble in acetic ether and nitrobenzene, less readily 
in ether and acetone. When loose, dry gun cotton explodes by friction, by a 
sudden blow, and when strongly heated. It bums so rapidly when heated 
that gunpowder placed beneath it does not catch fire. When compressed 
or moist, hammering &c. has no effect and lighting causes slow burning 
without explosion. To insure explosion in this state a little dry gun cotton 
is placed inside and the latter exploded by mercury fulminate. On explosion 
1 kg gun cotton produces about 850 1 of gas (measured cold) ; the temperature 
of combustion is calculated to be about 6000® 0. 

Gun cotton is used to fill torpedoes, mines and shells, also for rock blasting. 
The greater part is, however, used in the manufacture of smokeless powders, 
see “Gunpowder’'. 

Gan Cotton: 

W’estfaliach-Anhaltische Sprengstoff-A.-G., Berlin. 

Gnn Cotton apparatus: 

Friedrich Heckmann, Berlin SO. 16, Briickenstr. 6b (see advts.). 

Gun Cotton drying plant: 

Friedrich Heckmann, Berlin SO. 16. Briickenstr. 6b (see advts.). 

Gunpowder. 

1. Black powder. 

Mixtures of salpetre, carbon and sulphur in var3dng proportions, the average 
ratios being 74 — 78 % salpetre, 9 — 12.5 % sulphur and 10 — 16 % carbon. 
These proportions (average 75 % KNO,, 10 % S and 15 % C) are, however, 
observed only in the old military powder and perhaps in sporting powder, 
while in blasting powder greater variations occur, the ratios being between 60 
and 70 % KNO3 10 and 15 % S, 12 and 21.6 % C. 

As salpetre, KJ^Og is the only kind used, NaNOg being too hygroscopic. 
The salpetre is refined by dissolving it in glue solution. The foam appearing 
on the surface is removed, the liquor evaporated to 45® Be and finally cooled 
in eiystaUizmg vats and constantly stirred. 
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This KNO 3 in the form of a crystalline powder is after draining washed with 
a stream of water and then dried on grids and finally in drying pans or 
centrifuges. 

The only kind of S used is bar sulphur; sulphur crystals are useless as they 
contain SOg. The bar sulphur is purified either by distillation or by melting 
and then filtering through gauze. 

The carbon should be porous and easily combustible and should bum 
rapidly without leaving much ash. These conditions are best fulfilled by the 
carbon of various foliage trees, especially by black alder, alder, hazel, willow; 
also poplar, lime, vine, taxus, &c. are used. Carbonisation is carried out in 
closed iron cylinders; the product is all the more inflammable, that is better 
adapted for the manufacture of gun powder, the lower the temperature of 
carbonisation. At 270® C the reddish to red — brown, so-called red carbon is 
formed, while at 340® black carbon is obtained. If the temperature rises 
above 430® C the product is useless for the manufacture of gunpowder. 

The ingredients of black powder are ground in barrels, ball- or vertical 
mills. The salpetre is ground alone or with the carbon, and the sulphur 
together with carbon, then the mixtures are placed in large leather drums 
and there mixed by the aid of balls of Lignum vitae. Frequently the mixing 
is done by introducing steam, in which case the resulting pulp is dried in pans. 
If the grinding is done in vertical mills the mixing follows, the mixture being 
moistened with 2 — 4 % H-O. 

The powder cake thus obtained is ground in crushing machines and then 
made compact by rolling or more often by hydraulic pressure. The pressure 
is gradually increased to 25 — 30 kg per square centimetre. The compact 
powder cake must now be granulated before drying, a process which is 
carried out in machines working with sieves or marked rollers. The powder 
grains are sorted according to size and then dried on gratings. Finally the 
powder is polished by allowing it to rotate in leather drums (frequently gra- 
phite is added). The polished powder is dusted and sorted again. 

The prismatic powder used for cannons, is obtained by compressing the 
moist powder cake into moulds by means of hydraulic pressure. 

In spite of its marked hygroscopic property an attempt has been inade 
recently to replace the expensive KNO3 by NaNOg which is cheaper and 
contains more oxygen. 

According to the English Pat. 7626 (1901) very gaseous coal is used with 
NaNO, and sulphur, gasoline and hot H 2 O being added during the process ( ?). 
According to tne Russian Priv. 7641 a black powder consists of 69 parts 
NaNOg, 6 parts KNO3, 10 parts S, 15 parts coal-tar and 1 part potassium- 
bichromate; the tar prevents it from becoming damp. 

II. Smokeless powder. 

The smokeless kinds of powder owe their origin to the demand for a powder 
'vhich should surpass the black variety in strength, produce in smaller guns 
a kinetic energy at least eoual to that formerly obtained in larger weapons, 
give the projectiles a very flat trajectory and very long range, and finally do 
away with or minimize as far as possible the tell-tale smoke of black powder. 

The smokeless powders now in use can be divided into three classes, viz. 
guncotton powder, nitroglycerine powder and picrate powder. 

In the first group guncotton (q. v.), nitrated as perfectly as possible, 
18 cut in ray mills, rinsed, dried and dissolved in acetone or acetic acid or for 
preference in a. mixture of alcohol and ether. A gelatinous substance is formed 
which is well kneaded mechanically and then rmled out into thin translucent 
leaves. The leaves are dried and then cut up into square pieces. Sometimes 
lentil-shaped pieces are punched from the leaves (and the waste re-rolled &c.). 
I he edges of the pieces or grains after another drying are polished by rolling 
Blvicher. 21 
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and graphiting. Details of the process are kept secret. There are many 
modifications of the method. Plastomenite is obtained by dissolv ing 
cotton or wood-nitrocellulose in nitrotoluenes with addition of Ba(NO ) 
and KgCr^O;. ' ' 

The main constituent of the smokeless powders of the second group h 
Blasting gelatine (see “Dynamite*’). Collodion wool (q. v.) is mixed with 
nitroglycerine (q. v) in vacuo at 6—8® C. Excess of nitroglycerine is pressed 
out or removed by centrifuging and the mixture itself gradually heated 
(finally under water) to 60 to S)® C when it becomes gelatinous. The water 
is removed by pressure at the same temperature and the remainder rolled 
out into sheets of the thickness of paper, which are either cut into squares 
or formed into cubes of 9.6 — 20 mm edge by rolling a number of sheets together 
between warm rollers and then cutting. This form of smokeless cubical powder 
is called Ballistitb. Filitb, of the same composition, consists of threads 
square in cross section, 0.6 — 1 mm deep. In preparing Cordite, guncotton 
dissolved in acetone and then mixed with nitroglycerine is used in place of 
collodion wool; addition of graphite &c. makes the mixture less explosive. — - 
According to the Germ. Pat. 141314 hexa-nitro-cellulose is dissolved in hot 
benzene and nitroglycerine added; another method involves the use of a mixture 
of hexa-nitro-cellulose and tri-nitrobenzene by placing it in hot benzene; the 
whole mass is made amorphous and is then dissolved in nitroglycerine, 

Picrate powder is the name given to powders in which the main constituent 
is the K- or NH^- salt of picric acid. These highly explosive salts, crystalliz- 
ing in yellow needles, are moistened and mixed with KNO3 (frequently 
also with carbon). The cake is pressed hydraulically, ground, sorted througli 
sieves, polished, and dried. The derivatives of tri-nitro-cre8olC7H4(OH) (NOg),, 
homologous with picric acid, should also be mentioned as picrate powders. 
They are used more for blasting purposes than as gunpow^rs, Crbsylite 
e. g. is fused tri-nitro-cresol and ecrasite its ammonium salt. 

Numberless other powders have not up to the present proved to be of 
any practical value. 

Oonpowder: 

WestfSl^ch-Anhaltischo Sprengatoff-A,-0., Berlin. 

Machines for manufactaring Ammunition: 

Werner Pfleidorer & Perkins Ld., Peterborough. 

Guttapercha. The latex of several South Asiatic trees of the Sapotaceae 
family, dried and kneaded with water. It is obtained by tapping the trees. 
The Juice which cakes very soon after it runs out is kneaded together into 
blocks or leaves of 10 — 20 kg weight and is then known as crude guttapercha. 
Recently Prof. Jungfleisoh's method of not taking the juice from the trunk 
but from other parts and more especially by mechanical means from the 
leaves, is becoming more usual. The parts ot the plant are crushed to a powder 
by machinery; when this powder is boiled in sea- water guttapercha free from 
all impurities separates in thin layers. By this method the guttapercha trees 
are saved, and the product thus obtained fetches a high price in consequence 
of its purity. 

The crude guttapercha containing pieces of wood and bark, small stones, &c. 
is cut into pieces or tom up and softened by boiling water. It is treated with 
hot water in a tearing machine (see “Paper”) and so is freed from all im- 
purities. Finally the pieces and shreds are pressed in the form of a pulp 
through fine sieves and then kneaded together again between rollers which 
at the same time press out all water and air. 

Pure guttapercha is a leathery substance, of a greyish white colour, much 
like caoutchouc. It is inelastic and tough at the ordinary temperature, plastic 
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and soft when warmed. Easily soluble in chloroform and carbon bisulphide, 
in warm benzene and turpentme oil slightly soluble in absolute alcohol. It 
oxidizes gradually in the air; sunlight has a decomposing action upon it. 

Guttapercha, like caoutchouc (q. v.) can be vulcanised. It is mixed with 
sulphur, pressed into the requir^ shape and then heated. The process of 
vulcanising is, however, rarely carried out. By prolonged vulcanizing with much 
sulphur and the addition of chalk, plaster of Paris, colours, &c., hard rubber 
is obtained (ebonite, homy guttapercha), a similar substance to the product 
obtained from caoutchouc by a like process. 

Many attempts have been made to prepare guttapercha substitutes, though 
so far apparently without any decided success. According to the Germ. Pat. 
116092 and 142166 water (with or without the addition of salts) is allowed to 
drop on to materials such as wax, resins, asphalt, tar or pitch — heated to 
above 100® C — so that the M. P. and viscosity of the substances are raised 
considerably. These materials are then, alone or mixed, stirred with caout- 
chouc and oils, the temperature being gradually raised. They are finally 
well kneaded in heated kneading machines. 

According to the Russian Priv. 6596 (1902) an insulating material for 
cables &c., intended to replace guttapercha, is obtained by boi^g 45 parts 
asphalt, adding while stirring 40 parts colophony until a thickish substance 
results. Then 10 parts turpentine and 5 parts linseed oil are added and the 
boiling continued until the required viscosity is obtained. 

The Germ. Pat. 146857 prescribes as follows : Caoutchouc is dissolved in 
turpentine oil, shellac or asphalt is added, and the whole heated until it 
becomes uniform. When taken off the fire rice flour, aqueous agar-a^ar 
solution and umber are added and stirring continued until solidification 
occurs; further treatment is carried out between rollers. A substitute for 
guttapercha is thus obtained which may be vulcanized and still retains the 
property of becoming plastic when warmed. 

Lately the German Telegraphs Department has been trying a cable in 
which the insulating guttapercha is replaced by “Gutta*Gentzsch^\ This 
is an artificial guttapercha consisting of pure rubber and a special kind of 
palm wax. Gutta-Gentzsch is said to prove reliable and to be almost as 
good an insulator as natural guttapercha, while the price of the experimental 
cable is 35 % less than those insulated with natural guttapercha. See Balata. 

Test. Cmde and purified guttapercha are generally examined in the same 
manner as caoutchouc. This ^plies especially to the organic constituents 
known as guttapercha resins. These are separated and determined like the 
caoutchouc resins, i. e. by extraction with a medium that does not dissolve 
guttapercha (e. g. boiling alcohol or acetone, cold ether or petroleum ether) 
and determining the loss of weight. Besides resins crude guttapercha contains 
impurities in the form of water and dirt. The water is determined by inoderate 
heating in drying ovens or by leaving for some time in vacuum dessiccators. 
The dirt is determined by dissolving the guttapercha in carbon bisulphide 
or chloroform. The insoluble matter is filtered off, washed and weighed. 

Care must be taken to use a proper amount of the specimen (at least 100 to 
200 g crude guttapercha should be taken). 

The purified guttapercha contains but little water and no dirt. 

The test is practically the same as is used for the crude guttapercha: The 
yecimen is rolled out into a thin leaf and the small amount of HgO contained 
determined by heating in a dry air current. The resins are determined by 
extraction "with one of the solvents mentioned above. After the solvent is 
distilled off the resins can be weighed, or the amount may be determined 
indirectly by weighing the guttapercha remaining after the extraction. The 
guttapercha is then dissolved in CSj or in CHClg, filtered and dried in vacuo'. 

21 * 



324 


Gypsum. 


The pure guttapercha thus obtained may be pressed into plates in order to 
determine the strength, elasticity, and electric properties. 

Outtaperoha: 

C. Erdmann, Leipzig«Lindenau. 


Gypsum (Plasteb of Pabis). Gypsum is hydrated calcium sulphate, 
CaS 04 2 H 2 O. Most of the water of crystallization is removed by heating to 
110 — 120®, the residue being lost only at 170®. Gypsum which is partially 
dehydrated takes up water very readily afterwards setting hard. This 
valuable property is, however, lost if the heating is carried so far that less 
than 3 % water is left. In this case the gypsum is said to be “dead burnt ”. 

Various methods of burning are adopted, but in all cases the heating must 
be regular, particularly if the pieces are large, otherwise a mixture 01 over- 
burnt and underbumt plaster is obtained. 

On a small scale the powdered gypsum is heated in iron pans until drops 
of water no longer condense on a metal plate held over the powder. During 
the heating process it must be thoroughly stirred. 

When dealing with large quantities furnaces differing widely in construction, 
are employed. If a pure product is desired care must be taken that the gypsum 
does not come into direct contact with the flame, otherwise calcium sulphide 
is formed by reduction of the sulphate. For this purpose an oven similar 
to that used by the baker is employed. It is indirectly heated to the required 
temperature eitlier by producer gas or by a wood-fire. In the latter case the 
ash &c. are removed and the gj^sum introduced. More modem ovens are 
made in the form of drums, cylinders or retorts. 

Since burnt gypsum is more easily powdered than the natural product, 
large pieces are usually burnt. Or in some cases, the gypsum is partially burnt, 
then powdered and the powder again heated. 

The different kinds of plaster are obtained by varying the process of burning. 
That for building purposes is obtained by heating the mineral to red-heat 
(600®). After this it takes up water very slowly and sets in the course of 
a few weeks to a very hard transparent mass. 

Plaster may be obtained (Germ. Pat. 161462) by heating gypsum with 
water or salt solution above 100®. Anhydrous crystals separate which after 
removal from the liquid are dried at about 80®. The product has good cement- 
ing qualities and sets quickly. The method may be used for working up old 
plaster casts and the fine powdered CaS 04 obtained as by-pioducts. 

Gypsum suitable for weighting paper &c. can be obtained (Germ. Pat. 
168991) by heating it with water and stirring vigorously. The mixture of 
finely divided and extremely white crystals and water is allowed to cool 
while being constantly stirred. The crystals (needles) so formed are filtered 
off, dried and ground. 

Plaster of Paris may be obtained from the ground mineral which is purified 
by levigating. The paste is allowed to settle into moulds, the mass dried 
and subsequently burnt (Austrian Pat. 28733, 1907). 

To protect plaster casts they are treated with wax or paraffin solutions 
or witn stearic acid. Another method is to treat them with solutions of fluo- 
silicates or water glass. 

VoN Dechand's method of treating with potassium borate and barium 
hydroxide, and that due to Rathgbn and Bobbmann in which celluloid is 
employed, are also of importance. 
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Haeman. Under this name is sold a peptone preparation which contains 
iron sulphocyanide. It is said to be used in cases of chlorosis and similar 
diseases. 

Haematogen. A nutritive substance obtained from defibrinated ox-blood 
by the addition of glycerine and wine. Prescribed in anaemia. 

Haematopan. A haemoglobin preparation obtained from defibrinated blood. 

Haematoxylin see “Logwood"*. 

Haemogallol. It is prepared by the action of pyrogallol on defibrinated 
blood solution. 

It is a brownish red powder, sparingly soluble in H2O. Prescribed as a 
blood preparation in cases of chlorosis. 

Haemol. Obtained by the reducing action of zinc dust on defibrinated 
blood. 

A grey powder, not easily soluble in HgO, prescribed in chlorosis. 

Hamburg blue see “Iron colours*". 

Hardened glass. This is a kind of glass which resists mechanical influences 
better than the usual kinds. This property is acquired not by a special receipt 
for the glass mixture but by rapid cooling of the glass articles. The surface 
solidifies before the interior, producing strains on which the hardness and 
elasticity of hardened glass depend. 

The hot pieces of^glass used to be dipped into warm oil. More efficient is 
Siemens* pressure method: — The softened glas sheets are pressed between 
cast iron plates and so cooled rapidly. These sheets of hardened glass are 
used for roofing of buildings, conservatories, &c., frequently with internal 
wire netting (wire glass), insuring a still higher digree of durability and 
resistance. 

A special kind of hardened glass is Compound glass invented by Schott 
in Jena. It is obtained by combining 2 or better 3 layers of glass of different 
dimensions. These compound glasses are used for watergauges on boilers, 
for lamp chimneys (especially for incandescent lighting) and for chemical 
apparatus (dishes, bottles, &c.). When strongly heated they can be splashed 
with cold water without breaking. 

While Siemens’ pressed glass and Sohott*s compound glass may claim 
considerable importance the original hardened glass cooled with oil or resin 
not been used as much as was anticipated on account of certain important 
msadvantages which it possesses. It is in a state of great strain so that the 
slightest disturbance causes it to fly to pieces or to powder. 

Hardened rubber (Ebonite), see “Guttapercha*" and “Caoutchouc"" . 

Hardening agents. Mixtures which are used partly for converting wrought 
steeljand partly for hardening steel. For the former purpose a mixture 
ot 08 parts of sodium chloride, 9 parts of potassium cyanide, 1 part of potassium 
Dichromate, I part salpetre and 1 part of glass is used. For hardening steel 
a mixture of 24 parts of wood charcoal, 4 parts of horn-filings, 7 parts of glue, 

parts of saltpetrejand 66 parts sodium cMoride is employed. There is however 

large number of such mixtures. Besides the above mentioned substances 
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the following are often added : — prussiate of potash, sahammoniao, chalk 
colophony, rye meal, clay, gum arabio, &o. ' 

Hardness. The scale of hardness is as follows: 

1. Talc. 

2. Gypsum. 

3. Oalcspar. 

4. Fluorspar. 

6. Apatite. 

6. Orthoclase. 

7. Quartz. 

8. Topaz. 

9. Corundum. 

10. Diamond. 


Substance 

Hardness 

Substance 

Hardness 

Substance 

Hardness 

Adularia 

6 

Clay 0° 

0.3 

Magnesia 

4 

Agate 

7 

Copper 

2.6—3 

Magnesite 

Magnetic iron ore 

4—5 

Alabaster 

1.7 

Copper sulphate. 

2.6 

6 

Albite 

6—6.6 

Corundum 

9 

Marble 

3—4 

Alum 

2—2.6 

Diamond 

10 

Meerschaum . . . 

2—3 

Amber 

2—2.6 

Dolomite 

3.6—4 

Mica 

2.8 

Ammoniumbi* . 


Epsom salts . . . 

2.3 

Oligoclase 

6 

carbonate . . . 

1.6 

Felspar 

6 

Opal 

6.5— 6.6 

Andalusite 

7—7.6 

Flint 

7 

Orthoclase 

6 

Anorthite 

6 

Galena 

2.6 

Palladium 

4.8 

Anthracite .... 

2.2 

Garnet 

7 

Platinum 

4.3 

Antimony 

3.3 

Glauber’s salts . . 

1.7 

Platinum-iridium i 

6.6 

Antimony glance 

2 

Gypsum 

1.6—2 

Quartz 

7—8.6 

Apatite 

6 

Gypsum (spar) . 

2 

Rock salt 

2.6 

Arragonite 

3.6 

Gold 

2.6—3 

Rutile 

6—6.6 

Arsenic 

3.6 

Graphite 

0.6—1 

Saltpetre 

2 

Asbestos 

6 

Heavy spar 

2.6— 3.6 

Serpentine 

3—4 

Augite 

6 

Hornblende .... 

6.5 

Silver 

2.6—3 

Beryl 

7.8 

Ice 

1.6 

Silver chloride . . 

1.3 

Black coal 

2.— 2.6 

Iridium 

6 

Sulphur 

1.6—2. 

Bismuth 

2.6 

Iron 1 

4.6 

Talc 

1 

Boron 

9—10 

Iron glance .... 
Iron pyrites ... 

6 

Tinstone 

6—7 

Calamine 

6 

6.3 

Topaz 

8 

Calcium fluoride 

4 

Iron vitriol . . . 

2 

Tourmaline 

7.3 

Carborundum. . . 

9.6 

Kaolin 

1 

Wax 0® 

0.2 

Calcspar 

3 

Labradorite .... 

6 

Zircon 

7.6 


Heat conductivity. The following coefficients denote the amount of heat 
passing through a surface 1 mm thick and 1 sq. mm in area per second. The 
two surfaces have a difference of temperature of 1®. 

The values are given in milligramme calories. 

Heating worms. 

Heating worms in copper: 

Volkmar Haenig ft Comp,, Heidenau-Dresden, Germany (see front part advt.}. 

Heating apparatus. 

Heating apparatus: 

Gustav Barthel, Dresden* A. 19 (see front part advt.). 

Friedrich Heckmann, Berlin SO. 16, Briiokenstr. 6b (see advts.). 
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Solids. 



30.20 


0.2.3 


24.60 


20.70 

7.19 


0.009 

Lead 


98.23 

Magnesium 

37.60 

1.47 

0.013 


0.071 


Cotton 

0.004 

Quartz sand 

Felt 

0.009 

Slate 

0.081 

Fir (axial) 

0.030 

Silver 

109.60 

9.64 

14.18 

14.46 

30.71 

Fir (radial) 

0.009 

8teeb RfiBsemer 

German silver 

10.94 

,, Cast 

Glass 

0.13 

Tin 

Hardrubber 

0.026 

Zine 




Liquids. 


Alcohol 

0.160 


0.040 

Benzene 

0.033 

Glycerine 

0.076 

Copper sulphate solution . . . 

0.118 

Olive oil 

0.039 



Water 

0.166 


Gases. 


Air 

0.00492 


0.03324 

Ammonia | 

1 0.00468 

Oxygon 

0.00663 

Carbon dioxyide 

0.00306 

Nitrogen 

0.00624 


Heavy spar (Barytes, Barium sulphate). BaS04. It is found widely 
distributed in nature in a rough crystalline form. It is hard and brittle, trans- 
parent to translucent, white or owing to impurities yellow, reddish or grey ; 
S. G. 4.3 — 4.6. Further details see under “Barium colours''. 


Hedonal Methylpropylcarbinolurethane (i. c. the ester of methylpropyl- 
carbinolcarbonic acid) 


NH 
0 .CH<( 


C0<( 


CH, 

C3H,. 


The ester of this alcohol is obtained by the action of chlorcarbonic acid on 
secondary amyl-alcohol (methylpropylcarbinol) CH3 . C3H7 . CH(OH). It is 
converted into hedonal by treatment with ammonia. 

Colourless crystals M. P. 76°. Sparingly soluble in cold, more easily in 
not water. 

Used as a hypnotic in cases of neurasthenia and hysteria. Dose 1.5 to 2 g 
either in the solid or in alcoholic solution. 


Hectographs. A good receipt is: 160 g gelatine, 250 g water, 600 g glycerine 
and 250 g sugar. 

Hbctooraphio sheets are now largely used. They are made as follows : — 
4 parts light glue are put into a mixture of 5 parts HgO and 3 parts NH3 for 
n — 8 hours until the ^ue has become soft. Then the whole is melted in the 
water bath; 3 parts powdered sugar are added with 8 parts glycerine and 
heated to boiling with continuous stirring. 

. M^le hot the substance is smeared over absorbent paper until the latter 
18 thoroughly saturated and has a slight excess on the surface. After 2 — 3 days 
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the sheets are ready for use; when kept dry and free from dust they last 
almost indefinitely. Immediately before use they are moistened with a wet 
sponge. After use they are left for 2 days when they are ready to be used 
again^ as the ink has meanwhile sunk inside. The same substance can be used 
for casting thicker cakes. 

There are many receipts for hectographic inks ; the following two may be 
mentioned as efficient : a) 1 part methyl violet, 1 part alcohol, 8 parts H^O ; 
b) 6 parts methyl violet, 5 parts alcohol, 6 parts gum, 35 parts H^O. 

Helmitol. The hexa-methylene-tetramine compound (i. e. a urotropine 
compound) of methylene citric acid anhydride. . (CHglaN^. 

It is a white crystalline powder, with an acid reaction, easily soluble in HgO, 
scarcely soluble in alcohol and ether, melting with decomposition at 165 to 
1760 C. 

Prescribed as an internal antiseptic in cases of diseases of the bladder, 
as a substitute for urotropine (see Hexa-methylenb-tetbaminb), to which 
it is said to be superior in many ways. Single dose 1 g, three to four times 
daily. 

Helwig’s Blood -solvent. Solution of 1 part KI in 4 parts H.O. It dissolves 
dried blood spots without changing the colouring matters of the blood. 

Hemp. Bast fibres of the hemp] plant Cannabis saliva which are prepared 
in a manner similar to that used for flax. The length of the hemp fibre is 
from one to two metres, the width 0.010 — 0.025 mm. The value depends 
upon the length, fineness and strength of the fibre. It is used in making 
ropes and sail cloth. 

Hercules powder see “Dynamite". 

Heroine = di-acetylmorphine. Obtained by heating morphine with acetyl- 
chloride. 

White crystalline powder, which is odourless and has a bitter taste. M. P. 
173^0, nearly insoluble in HgO; readily soluble in acids. 

It is used medicinally as a substitute for morphine and codeine for pulmonary 
catarrh. Dose: — 0.005 — 0.02 g several times a day in powders (with sugar). 
Aqueous solutions can only be obtained by adding acetic acid. Maximum 
dose 0.06 g or 0.2 g daily. 

Hetocresol. The m-cresolester of cinnamic acid. Used in the surgical treat- 
ment of tuberculosis (subcutaneous injection). 

Hetol. This is the trade name for synthetic sodium cinnamate. 

White crystalline powder M. P. 133 — 134®. Prescribed for pulmonary 
tuberculosis. Single Dose 0.0005 — 0.001 g (subcutaneously). 

Hetraline = di-oxy-benzene-hexa-methylenetetramine. 
resulting by combining hexa-methylene-tetramine (q. v.) with resorcine. 

Colourless needles, unchanged in the air, with a sweet taste and creosote- 
like smell; soluble in 14 parts HgO, less readily in alcohol and CHCI 3 , very 
sparingly in ether; when neated to 150 — 160® it begins to decompose. 

It is prescribed as an urinary antiseptic in the same way as hexa-methylene- 
tetramine. 

Hexa-methylene-tetramine (urotropine, formine). N 4 (CH 2 ) 4 . A condensation 
product of formaldehyde and ammonia; obtained by passing dry NH 3 over 



Hippol. 


329 


heated paraformaldehyde. In order to purify it it is crystallized from boiling 
alcohol. 

Colourless and odourless crystals, with a sweetish taste and a bitter after 
taste, easily soluble in HgO, less readily in alcohol, very sparingly in ether. 

It is used as a solvent for uric acid in doses of I — 2 g daily (aqueous solution) 
and in doses of 4 — 6 g daily as a diuretic. 


Hippol. Methylenehippuric acid 

CeHjCO . N . CH, . CO . 0 

v/ 

Obtained hy the action of polymerized formaldehyde on a solution of hippuric 
acid in H 2 SO 4 (cone.), (Germ. Pat. 148669). 

Odourless, tasteless, prismatic crystals M. P. 161 Used as a non-poisonous 
antiseptic in inflammation of the bladder. 


Hirudine. The substance of the leech which prevents blood from clotting, 
obtained according to the Germ. Pat. 136103. 

It is used medicinally. 1 mg hirudine is sufficient to keep 7.6 cem blood 
licjuid without changing the property of the blood. 

Histosan (triguaiacolalbuminate). Prepared according to Germ. Pat. 
162656. 

A pale brown powder with a faint aromatic smell and taste, insoluble in 
alcohol, ether and acids, soluble in alkalies. 

Used in the early stages of tuberculosis and infectious diseases of the 
respiratory organs, in the form of a powder, in tablets or as* a syrup. 


Holocaine = para-di-ethoxy-ethenyl-di-phenyl-amidine hydrochloride 


. HCl 




NH.C,H 04 CjH 5 


HCl. 


Phosphorus oxychloride is allowed to act on a mixture of para-phenetidine 
sulphate and phenacetin, when holocaine sulphate is formed. The base is 
set free by caustic soda solution and purified by means of alcohol. The free 
base is dissolved in hot hydrochloric acid, from which the hydrochloride 
separates in crystals on cooling. 

The hydrochloride dissolves sparingly (2 %) in cold, less readily in hot HgO. 
It is used by oculists, as a local anaesthetic as a substitute for cocaine: a 
1 % aqueous solution is generally used. 


Homatropine. The tropine ester of mandelic acid 

CeH, . CH(OH) . CO^ . C 2 H 3 . C.U, . N . CH 3 

prepared synthetically from mandelic acid and tropine. An alkaloid which 
as regards its property of dilating the pupils has certain advantages over 
atropine and is consequently frequently preferred; it is used in the form of 
salts. Maximum dose 0.001 g or 0.003 g daily. 

Honey. Obtained by allowing it to flow out of the comb or by pressing 
It out. It is a clear viscid liquid, varying from pale yellow to brownish -yellow 
ru colour. On standing in the cold it becomes almost solid owing to the crystalliz- 
ation of the grape-sugar present. S. G. 1.38 to 1.40; in the solid state S. G. 
1.42 — 1,44; (a)D = — O .30 to -f 0.4°. If strongly dextro-rotatory the presence 
of starch sugar (i. e. impure glucose) may be suspected. 
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Genuine honey contains 22.7 — 44.7 % glucose, 32.2 — 46.9 % fructose, 
0 — 8.2 % cane sugar, 16.3 — 24.9 % water and 1.3--8.8 % of non-saccharine 
substances. 

An artificial honey is now made from cane — or beet — sugar which is 
similar to the natural product not only in appearance and taste but also 
in its chemical and physical properties. It is, however, not a purely artificial 
product, but a mixture of honey and invert sugar. Without the former the 
peculiar taste cannot be obtained. 

Hops* The dried ripe fruit of the hop plant Humulus lupuluSf used as the 
bitter principle in brewing. The action is due to the hop resin and the bitter 
substance of the hop. In order to preserve the hops they must be first deprived 
of a portion of the water they contain. This is carried out in a species of 
kiln. They may bo preserved unchanged for a long time by treatment with 
gaseous SOg. Still more largely used is a method of preservation which 
consists in pressing the hops into metal chests, sealing up the latter and pumping 
out all air through a hole in the cover. 

Extracts of hops are also sold. They are obtained by boiling the hops with 
water in apparatus of special construction. 

Horn, artificial. According to Thomson (Chem.-Ztg. 1903, Repert. 103) an 
artificial horn called Kornite is obtained from horn scraps in the following 
manner: The horn residues are washed, dried and finely powdered. The 
powder is dyed black and pressed into plates by hydraulic pressure. Komitc 
is not as elastic as natural horn though it can be used for many purposes, 
especially in electrotechnical works as a substitute for ebonite. 

Accoring to the Germ. Pat. 184915 plastic substances similar to horn may 
be prepared from keratino — containing materials (horn scraps, hair, &c.) 
by first treating them with dilute mineral acids at a temperature not exceeding 
70®, and then with alkaline lyes until they swell up or dissolve completely. 
The mass is then pressed into moulds. 

According to the Germ. Pat. 127942 hom-like substance can be prepared 
from caseine in the following way : Caseine solutions or dried soluble caseine 
is rendered insoluble by salts or acids; the product is dried by evaporation 
or by pressure until it becomes hard and transparent, and is finally treated 
with formaldehyde (see “Galalith”). 

According to the Germ. Pat. 153228 dried caseine is dissolved in dilute 
caustic soda solution and heated with the addition of sulphur. (At least the 
same amount of S as the alkali used must be added.) The resulting clear 
liquid is thickened down to the consistency of a syrup, lead hydroxide, zinc 
hydroxide, or water glass being added to harden the final product ; for filling 
and to increase the arying property, wood meal, cork, sand, emery, &c. may 
be used. The substance is cast into plates and dried. Variations are described 
in Germ. Pat. 163818 and the French Pat. 367407. 

The raw material for the manufacture of hom-like substances (Germ. Pat. 
145106, 151918, 152111) is acetyl cellulose, which is treated with mono- or 
poly-hydric phenols or their substituted derivatives, or finally with chloralhy- 
drate. Acetone has also proved a good solvent. The mixtures are warmed 
for some time to 40 — 600® and allowed to cool and solidify in air. 

In Amer. Pat. 774713 and 774714 cellulose acetate is also used as the raw 
material in the manufacture of horn substitutes. It is heated with thymol 
and CHCI3 or with a phenol alone under pressure. Instead of thymol castor 
oil may be employed. 

Horn meal see „Manures, artificial**. 

Huiles antiques see „Pbrfumeby“. 
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Hydraulic mortar see „Cbmbnts“. 

llydrastine. C2iH2iNOa. Alkaloid found in the root of the North American 
Hydrastis canadensis (Ranunculaceae). The constitution is similar to that of 

narcotine. 

Hydrastine is used medically for the same purposes as ergot. 

Hydrazine. HgN . NHg. Now prepared in the form of its sulphate from 
ammonia and hypochlorite. The ammonia is first converted mto mono- 
chloramine NHg -f- NaOCl = NH2CI + NaOH. Into this compound an 
amido group replacing the Cl is then introduced NHgCl + NHg = N2H4 -h HCl. 
'J'he mixture of hydrazine and NaCl is then evaporated with H2SO4 when the 
sparingly soluble sulphate separates. 

Hydrazo compounds see “Azo compounds*’. 

Hydriodic acid. HI. Can be obtained by distilling KI with H3PO4. It is, 
however, more easily prepared by means of phosphorus. Two reactions 
take place simultaneously, firstly the formation of phosphorus tri-iodide PI3, 
and secondly the decomposition of PI3 by water. Phosphorous acid and HI 
are formed PI3 -f- 3 H2O = 3 HI -j- HaPOg. One part amorphous phos- 
phorus is mixed with 15 parts HgO. 20 parts powdered I are gradually added 
with cooling and the whole carefully heated; the escaping HI is passed into 
water. Another method is to dissolve yellow phosphorus in carbon bi- 
sulphide, add iodine (which forms PI3) and to distil off the CSg; when water is 
allowed to drop on to the solid residue after cooling HI is evolved. 

Colourless gas, strongly fuming in moist air, easily soluble in HgO. A satu- 
rated aqueous hydriodic acid has a S. G. 1.700 and contains about 62 % HI. 

Hydrocellulose see “Oxycellulose”. 

Hydrochloric acid. HCl. This acid is obtained as a by-product in the 
manufacture of salt cake (q. v.) by decomposing NaCl with H2SO4 according 
to the equation; 2 NaCl + H 2 S 64 = 2 HCl -f Na2S04. HCl-gas on being 
absorbed with HoO gives the common hydrochloric or muriatic acid of com- 
merce. The condensation must be so carried out that the HCl-gas may have 
every chance of being absorbed by the water; and since if fairly strong acid 
IS required, the quantity of water cannot be indefinitely increased, care must 
be taken that the HgO is repeatedly brought into contact with HCl, and that 
the strongest acids meet the gases richest in HCl, and on the other hand 
that the pure H^O meets the gases which are already almost free from HCl. 
Before the HCl is condensed provision must be made for the strong cooling 
of the gas. The method of condensation varies according to the quantity 
of air mixed with the HCl. The HCl from the pans and that from the hearth 
of the furnace are led off separately, because the HCl from the pan is purer 
and more concentrated, while the impure acid from the hearth does not come 
mto the market, but is worked up for the use of the factory. The two batteries 
belonging to an apparatus for condensation consist of a washing tower of acid 
proof sandstone tues, which are kept moist but not cool, so that scarcely 
any HCl but the greater part of the H2SO4 mixed with it is retained. From this 
starting point the vapour passes through a great number of earthenware 
vessels on every side, and thus reaches a condensation tower (coke tower, plate 
tower or ball tower) where the gas entering from below is freed from the last 
traces of HCl by the HgO which drips from above. See also Reaction towers 
and Nitric acid. From the towers the weak^acids present, which are about 
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8^ flow through the different chambers, always in a direction opposite to 
that of the gas, so that at the end of the series (that is where the gas enters) 
the acid runs out, having a strength of 20 — 22^ B4. 

The Hd obtained is.treated wiwi H^S or BaS to free it from As. The BaS 
also at the same time frees it from the H2SO4 which otherwise would have to 
be removed with BaOlg. Crude Hd is usually of a red^h colour because of 
the presence of finely divided selenium, which is removed together with 
the As. 

To obtain perfectly pure fld, the crude acid after being freed from As 
is distilled from glass retorts, or H2SO4 is allowed to run into it and the hydro- 
chloric acid given off is absorbed in water. 

The method of Obhlbr (G erm. Pat, 136998) seems to be pr^ticable. Powdered 
anhydrous (fused) NaHS04 is added to the crude acid witb wWch it is shaken 
and at the same time cone. 1^804 is allowed to run in. Dry HCl is given 
off and fresh quantities of Na]SS04 are formed by the addition of NaCl and 
H^04. 

The Germ. Pat. 121886 and 12^6i J^ve recently attained importance in 
the manufacture of pure hydyooUbiib a^ According to the former the 
process is as follows:— The pure B€|Ib made in lead vessels by aUowing the 
crude hydrochloric acid (free from Ab) to flow into a solution of hot HaS04. 
Pure hydrochloric acid of the same deg]^ of concentration as that first 
used distills over. The sulphuric acid bath w heated W a steam coil. The second 

g atent differs from the first only in one point. The crude acid histead of 
owing into H2SO4 flows into a bath of boilltig MgQj solution which is kept 
at a constant temperature of 118—120®: In this case top the hydrochloric 
^id distilling over has exactly the Same strength as the crude acid had and 
is further free from H2SO4 and Fe. The HgSOi present in the crude HCl 
liberates HCl from the MgCL, with formation of MgS04 which by suitable 
means may be recovered. HCl, containing As may be purified by passing 
the gases through warm solutions of vanadous salts. The As is precipitated 
in the metallic form and the vanadous compound converted into a higher 
state of oxidation (Germ. Pat. 164355b 
According to Germ. Pat. 179513 and 179514 As may be removed W passing 
the impure gases through scrubber towers containing mineral oils. The latter 
are said to retain the As and other Impurities. 

An attempt has been made to obtain HCl from the magnesium mother 
liquors left in the preparation of potassium salts from the Stassfurt deposits. 
The strongest concentrated solution of MgCl2 is first evaporated and then 
heated in retorts, into which steam is simultaneously conducted. The action 
corresponds to the equation; + 2 HCl. HydrocWoric 

acid is prepared by this proqessln some works, but as yet the acid obtained 
by the Lbblano process has been able to hold its own. 

A further proposition has been made to obtain this acid from electrolytically 
prepared chlorine. The method of procedure is to conduct Cl, mixed with 
steam over gently heated coke when reactions corresponding to the following 
equations take place: — 

1) C -f H 2 O 4- CL = 2Ha -f CO and 
2) C + 2H20-f 2aj«4HaH-COj. 

This convendon of d, first obtained from the decomposition of chlorides, 
into Hd implies however, taken in the purely thermo-chemical sense, a 
backward step so Jthat such a process must at once give rise to economical 
doubts. In spite of this, new methods all of the same nature are being con- 
tinually put forward, llie financial success of these methods can only be 
assured if the d be regarded as a secondary product m the electrolytic process 
for the manufacture pf chlorine (see CaiiOBiifB blbotbolytioal fboobss). 
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contact substances besides coke have been used in these methods. 
In these a mixture of G and H is used. According to the Germ. Pat. 166693 
it is of advantage to conduct the gas mixtures over metallic chlorides instead 
of over contact substances. The metallic chlorides used are those of 
or Sn The cUor de in question is decomposed by heat in the presence of HjO, 
into basic chloride, hydroxide and HCl. These basic bodies can then again 
be used for absorbing Cl and H. The reaction corresponds to the following 
equations : — 


1) Zna(OH) + a + H = ZnOa + HjO; 

2) ZnCk + H, = Zna(OH) -f HG; ZnG(OH) 


+ Rfi = Zn(OH)a + HG. 


As these reactions take place in aqueous solutions, the mixture of Cl and 
H as formed in the electrolysis of alkaline chlorides, can be conducted after 
saturation with hot steam over porous substances which have been soaked 
in solutions of metallic chlorides, or the gases can be passed through solutions 
of the chlorides. The most favourable temperature for the reaction is about 
100°. The process is probably a good one for the preparation of HCl and HBr. 

The Germ. Pat. 168086 deals with the preparation of HG with simultaneous 
recovery of the products of dry distillation of wood. The Cl is allowed to act 
upon wood or similar organic substances at a temperature of 160 — 300°. 
It is asserted that charcoal, alcohol, acetic acid, hydrochloric acid and tar 
are thus obtained. This process will certainly fail to become of any importanc^ 
Finally those methods must be mentioned which aim at obtaining HG 
by bringing chlorine and SO2 into contact with each other. Among these 
methods are those of the French Pat. 324869, the English Pat. 14342 (1903) 
and the Germ. Pat. 167043 and 167044. The last named patent is as follows 
Cl and pyrites gases are introduced through the bottom of a reaction tower 
which is filled with stones, while from above only so much HgO is allowed 
to flow as suffices for the formation of gaseous HG and cone. H2SO4. Further 
details will be found in the papers of this patent. The whole process for 
obtaining HCl and H2SO4 simultaneously seems too cumbrous, t(»o expensive 
and too liable to the occurrence of undesirable secondary reactions. 

Dry hydrogen chloride is a colourless ga8(S. G. 1.2696) which fumes strongly 
in the air. It can be condensed to a liquid by cooling under high pressure. 
An aqueous solution of HG is colourless and fumes in the air. On being heated 
it loses HG and HgO and until the specific gravity sinks to 1.101. After this 
the concentration and B. P. remain constant (B. P. 110°). 

The following table shows the S. G. of hydrochloric acids of various degrees 
of concentration. ^ 

HG is used for the manufacture of G, KGO3, bleaching powder and differeiit 
chlorides, of COg, superphosphate, phosphorus, bone glue and so on. It is 
also used in metallurgy and in dyeing, further it is employed in many other 


ways. 


Test. The strength is usually determined by means of hydrometers, using 
the above tables of Lunge and Mabchlbwski. For exact measurements 
10 cem of the acid, of known S. G., are diluted with distilled HjO to 200 com. 
10 cem are then measured off and exactly neutralized or made faintly alkaline 

with soda and the G then titrated with solution AgNO, solution 

with KoCr04 as indicator. To determine H2SO4 the HG is not quite neutraliz^ 
^th !Na2C08 and is then precipitated in the usual way with BaG2. Fe iB 
titrated with KMn04_ after reducing with Zn and adding manganese sulphate. 
SO2 is oxidized to H2SO4 and this is determined with BaG2. 
difference between the total H2SO4 and the original amount the SOg is cal- 
culated. Kbaugh’s test for As is as follows ; — 10 g HG are diluted with 
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B 6 
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B 6 
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1.005 

0.7 

1 

1.16 

4.08 

3.84 

3.58 

3.42 

3.25 

0.012 

0.041 

0.039 

0.036 

0.034 

u.o:{3 

1.010 

1.4 

2 

2.14 

7.60 

7.14 

6.66 

6.36 

6.04 

0.022 

0.077 

0.072 

0.067 

0.064 

0,()()1 

1.016 

2.1 

3 

3.12 

11.08 

10.41 

9.71 

9.27 

8.81 

0.032 

0.113 

0.106 

0.099 

0.094 

O.0S9 

1.020 

2.7 

4 

4.13 

14.67 

13.79 

12.86 

12.27 

11.67 

0.042 

0.150 

0.141 

0.131 

0.125 

o.liy 

1.025 

3.4 

6 

6.16 

18.30 

17.19 

16.04 

16.30 

14.65 

0.053 

0.188 

0.176 

0.164 

0.167 

O.U!) 

1.030 

4.1 

6 

6.16 

21.85 

20.63 

19.16 

18.27 

17.38 

0.064 

0.225 

0.212 

0.197 

0.188 

0.179 

1.035 

4.7 

7 

7.15 

25.40 

23.78 

22.27 

21.26 

20.20 

0.074 

0.263 

0.247 

0.231 

0.220 

0.20!) 

1.040 

6.4 

8 

8.16 

28.99 

27.24 

25.42 

24.26 

23.06 

0.085 

0.302 

0.283 

0.264 

0.262 

0.240 

1.046 

6.0 

9 

9.16 

32.55 

30.68 

28.53 

27.22 

25.88 

0.096 

0.340 

0.320 

0.298 

0.284 

0.270 

1.060 

6.7 

10 

10.17 

36.14 

33.96 

31.68 

30.22 

28.74 

0.107 

0.380 

0.367 

0.333 

0.317 

0.302 

1.066 

7.4 

11 

11.18 

39.73 

37.33 

34.82 

33.22 

31.69 

0.118 

0.419 

0.394 

0.367 

0.351 

0.333 

1.060 

8.0 

12 

12.19 

43.32 

40.70 

37.97 

36.23 

34.44 

0.129 

0.469 

0.431 

0.403 

0.384 

0.365 

1.065 

8.7 

13 

13.19 

46.87 

44.04 

41.09 

39.20 

37.27 

0.141 

0.499 

0.469 

0.438 

0.418 

0.397 

1.070 

9.4 

14 

14.17 

60.36 

47.31 

44.14 

42.11 

40.04 

0.152 

0.539 

0.506 

0.472 

0.461 

0.428 

1.076 

10.0 

15 

15.16 

53.87 

50.62 

47.22 

45.05 

42.84 

0.163 

0.579 

0.544 

0.508 

0.484 

0.400 

1.080 

10.6 

16 

16.16 

67.39 

53.92 

50.31 

47.99 

45.63 

0.174 

0.620 

0.582 

0.543 

0.518 

0.493 

1.086 

11.2 

17 

17.13 

60.87 

57.19 

53.36 

50.90 

48.40 

0.186 

0.660 

0.621 

0.579 

0.652 

0.523 

1.090 

11.9 

18 

18.11 

6.436 

60.47 

56.41 

53.82 

51.17 

0.197 

0.701 

0.659 

0.615 

0.687 

0.558 

1.095 

12.4 

19 

19.06 

67.73 

63.64 

69.37 

56.64 

63.86 

0.209 

0.742 

0.697 

0.660 

0.620 

0.590 

l.lOO 

13.0 

20 

20.01 

71.11 

66.81 

62.33 

69.46 

56.54 

0.220 

0.782 

0.735 

0.686 

0.664 

0.622 

1.106 

13.6 

21 

20.97 

74.62 

70.01 

65.32 

62.32 

69.26 

0.232 

0.823 

0.774 

0.722 

0.689 

0.655 

1.110 

14.2 

22 

21.92 

77.89 

73.19 

68.28 

65.14 

61.94 

02.43 

0.866 

0.812 

0.758 

0.723 

0.687 

1.115 

14.9 

23 

22.86 

81.23 

76.32 

71.21 

67.93 

64.60 

0.265 

0.906 

0.851 

0.794 

0.757 

0.719 

1.120 

15.4 

24 

2?. 82 

84.64 

79.63 

74.20 

70.79 

67.31 

0.267 

0.948 

0.891 

0.831 

0.793 

0.754 

1.125 

16.0 

26 

2 i .78 

88.06 

82.74 

77.19 

73.64 

70.02 

0.278 

0.991 

0.931 

.0868 

0.828 

0.78H 

1.130 

16.5 

26 

25.75 

91.50 

86.97 

80.21 

76.62 

72.76 

0.291 

1.034 

0.972 

0.906 

0.865 

0.822 

1.135 

17.1 

27 

26.70 

94.88 

89.16 

83.18 

79.34 

75 . 45 ; 

0.303 

1.077 

1.011 

0.944 

0.901 

0.850 

1.140 

17.7 

28 

27.66 

98.29 

92.35 

86.17 

82.20 

78.16 

0.316 

1.121 

1.063 

0.982 

0.937 

0.891 

1.1425 

18.0 


28.14 

100.00 

93.95 

87.66 

83.62 

79.61 

0.322 

1.143 

1.073 

1.002 

0.956 

0.908 

1.145 

18.3 

29 

28.61 

101.67 

95.52 

89.13 

86.02 

80.84 

0.328 

1.164 

1.094 

1.021 

0.973 

0.920 

1.150 

18.8 

30 

29.67 

105.08 

98.73 

92.11 

87.87 

83.65 

0.340 

1.208 

1.136 

1.069 

1.011 

0.961 

1.152 

19.0 


29.95 

106.43 

100.00 

93.30 

89.01 

84.63 

0.346 

1.226 

1.162 

1.076 

1.025 

0.975 

1.155 

19.3 

31 

30.66 

108.58 

102.00 

95.17 

90.79 

86.32 

0.353 

1.254 

1.178 

1.099 

1.049 

0.997 

1.160 

19.8 

32 

31.62 

112.01 

106.24 

98.19 

93.67 

89.07 

0.366 

1.299 

1.221 

1.139 

1.087 

1.033 

1.163 

20.0 


32.10 

114.07 

107.17 

100.00 

96.39 

90.70 

0.373 

1.326 

1.246 

1.163 

1.109 

1.054 

1.165 

20.3 

33 

32.49 

116.46 

108.48 

101.21 

96.66 

91.81 

,0.379 

1.345 

1.264 

1.179 

1.126 

1.070 

1.170 

20.9 

34 

33.46 

118.91 

111.71 

104.24 

99.43 

94.65 

0.392 

1.391 

1.307 

1.220 

1.163 

1.106 

1.171 

21.0 


33.65 

119.68 

112.35 

104.82 

100.00 

95.09 

0.394 

1.400 

1.316 

1.227 

1.171 

1.113 

1.175 

21.4 

35 

34.42 

122.32 

114.92 

107.22 

102.28 

97.26 

0.404 

1.437 

1.360 

1.260 

1.202 

1.143 

1.180 

22.0 

36 

35.39 

126.76 

118.19 

110.24 

105.17 

100.00 

0.418 

1.484 

1.394 

1.301 

1.241 

1.180 

1.185 

22.6 

37 

36.31 

129.03 

121 23 

113.11 

107.90 

102.60 

0.430 

1.629 

1.437 

1.340 

1.279 

1.210 

1.190 

23.0 

38 

37.23 

132.30 

124.30 

115.98 

110.63 

105.20 

0.443 

1.574 

1.479 

1.380 

1.317 

1.252 

1.185 

23.6 

39 

38.16 

136.61 

127.41 

118.87 

113.40 

107.83 

0.456 

1.621 

1.523 

1.421 

1.366 

1.289 

1.200 

24.0 

40 

39.11 

138.98 

130.68 

121.84 

116.22 

110.61 

0.469 

1.667 

1.567 

1.462 

1.396 

1.326 


10 ccmHgO in a test tube and carefully covered with 5ccm of a freshly prepared 
solution of hydrogen sulphide. After standing for an hour either in a cold 
or in a warm place, there should be no colouration and no yellow ring between 
the two layers. The sensitiveness of the test is so great that 0.000006 g As 
in 1 g HCl (that is mg in the amount taken may be detected). For the 
quantitative determination of As the AsClg present is reduced ‘by passing 
SO 2 through for some time and precipitating as AS 2 S 3 with H^S. The ppt. 
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is then well washed and dissolved on the filter in NH^OH. The solution is 
evaporated in a tared dish. The As^Sg is then dried at 100® and weighed. 
1 g AsgSg = 0.60976 g As = 0.80488 As^Og. 

Free Cl can be recognized bv the smell; on warming, the diluted acid also 
colours potassium iodide starch paper blue. 

Earthenware-Condensation vessels for hydrochloric acid: 

Fr. Chr, Fikontscher, Zwickau Sa.. Germany (see front part advt,). 

Transport vessels for hydrochloric acid: 

Fr.. Chr. Fikentscher, Zwickau Sa., Germany (see front part advt.). 

Hydrochloric acid plants of Earthenware: 

Wf’i'^tdeutsche Steinzeug • Chamotte- und Dinaswerke G. m. b. H., Euakirchen, Rheinland 

(Germany) (see front part advt. p.). 

Hydrogen. H. Atomic weight = 1.008 (0 = 16.00). Transparent, colour- 
less, tasteless, odourless gas burning in air with a very hot, non-luminous 
flame, with formation of H2O. It is the lightest of all substances: — 1 1 H 
weighs at 0®C (46® latitude) under 760 mm mercury 0.089873 g; S. G. of 
hydrogen = 0.0695, air = 1. Critical temperature — 234® C; critical pressure 
20 atm. Liquid hydrogen boils at — 243® under 760 mm mercury. Solid 
hydrogen has been obtained by Dewar from the liquid by partial evaporation 
(at 50 mm pressure) with external cooling by liquid air. Solid hydrogen 
melts, when the pressure of the vapours reach 55mm at 16 — 17® absolute; 
the critical temperature is about 30—32® (absolute). 

H is prepared by treating Zn or Fe with dilute mineral acids (HCl or H2SO4). 
In the Russian war another method proved to be reliable, viz. that of obtaining 
H from aluminium and caustic soda solution. Another method is that of 
Majert and Richter in which a mixture of calcium hydroxide and zinc is 
heated to red heat in iron retorts. This method in which the reaction corre- 
sponds to the equation Ca(OH)2 -f Zn = Hg + CaO ZnO has been recom- 
mended for filling balloons for military purposes at short notice. 

Hydrogen can also be obtained by passing steam over red-hot iron ; further, 
from water-glas (q. v.) practically pure H may bo produced by passing it 
through absorbents which remove COg and CO. 

Pure H may be obtained from watergas (Germ. Pat. 174324) by passing 
the latter, after drying, over heated calcium carbide at 300®. According to 
the supplement to Germ. Pat. 177703 a previous purification of the watergas 
may be carried out by physical means in a Linde liquefying apparatus. 

The electrolytic preparation of H by the decomposition of acidified water 
or solution of caustic soda is becoming important. Many forms of apparatus 
have been described. 

The large amount of hydrogen formed as a by-product in the electrolysis of 
alkaline chlorides (see “Chlorine alkali process, Elbotrolytioal'') is now 
utilized by several firms, particularly by the Chemische Fabrik Griesheim 
Flektron. From this factory hydrogen is exported in a pure state imder a 
pressure of 160 atm. Hydrogen is also now obtained from hydrolith which 
gives off the gas on warming with water. The hydrolith is convenient for 
transport. 

Hydrogen is used in lead soldering (q. v.), welding (q. v.), for filling balloons 
and as a heating agent. For the latter purpose it should completely replace 
coal gas (in laboratories) as it is, contrary to all expectations, less explosive 
latter. In consequence of its low specific gravity and high velocity 

“^tusion it is distributed very rapidly, forming non -explosive mixtures, 
so that several jets could be left open for hours without danger. The flame 
s much hotter than that of coal-gas and is therefore well suited for glass- 
lowmg, does not deposit carbon, contains no oxides of sulphur, so that it 
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does not injure platinum vessels like the flame of coal gas, nor cause errors 
in analysis by the formation of H2SO4. 

Hydrogen Peroxide. For the preparation of hydrogen peroxide, the hydrate 
of barium peroxide is first obtained by dissolving fmely powdered BaO, in 
dilute HCl until the acid is almost neutralized, filtering, cooling and adding 
enough ba^ta water to precipitate Si0.j and other oxides and to produce a 
small precipitate of the hydrate of barium peroxide. The solution is again 
filtered and the hydrate of barium peroxide precipitated with an excess 
of baryta water. This is washed and kept moist. HgOg is obtained by mixing 
and stirring the moist product with diluted H2SO4 (1:5 HgO) until the acid 
is almost neutralized. After filtering off the BaSO^ the last traces of HgSO^ in 
the filtrate are precipitated with baryta water and the solution again 
filtered. 

HgOg is also largely prepared from Ba02 and HgSiFg. 

According to the Germ. Pat. 132090 aqueous solutions are obtained 
from sodium peroxide by carefully dissolving the latter at a low temperature 
in a solution of hydrofluoric acid. The reaction is in accordance with the 
following equation: — 

3 Na^Og -h 6 HF = 6 NaF d- 3 H^O^. 

Aqueous solutions of sodium fluoride and hydrogen peroxide are formed; 
the former is converted into artificial cryolite, by adding aluminium fluoride: 

6 NaF -f 2 AIF3 = 2 NagAlFg. 

The cryolite separates out. The H’gOg-solution obtained by one of these 
methods is generally put straight on the market. Concentrated HgOg is only 
seldom prepared by freezing, drying in vacuum dessicators over sulphuric 
acid or by evaporating in a current of dry air. Concentrated is a colourless 
liquid of a synipy consistency, of a bitter taste, smelling something like HNO3, 
S. G. 1.499, readily soluble in HgO and alcohol. Pure H2O2 explodes very 
violently under various conditions, while aqueous solutions will keep and are 
perfectly harmless. H2O2 acts as a strong reducing and also as a strong oxidiz- 
ing agent. According to Staedel (Zeitschr. f. angew. Chem. 1902, 642) HaOj 
can readily be prepared on a large scale in an anhydrous and crystalline form 
by cooling concentrated 96 % solution with a mixture of ether and C02- 
If a particle of the solid substance thus obtained is dropped into the 96 % 
solution cooled to — 8®C beautiful column-shaped colourless crystals of 
chemically pure H2O2 are formed. The M. P. of the solid is — 2°. Platinum 
sponge or Mn02 cause it to decompose with explosive violence. Wool, carbon, 
ma^esium powder, &c. catch fire instantaneously in hydrogen peroxide. 
Curiously enough reduced iron does not react in this way. The crystalline 
preparation is said to be transportable without great danger. 

According to the Germ. Pat. 152173 which deals with the preparation of 
highly concentrated chemically pure solutions of H2O2, the crude hydrogen 
peroxide obtained from NajOj and H2SO4 is distilled without the previous 
removal of the dissolved Na2S04. The owner of the Patent (E. Merck) pro- 
tected the name Perhydrol for 100 % hydrogen peroxide, i. e. a preparation 
containing 30 % HoOg by weight, which gave 100 vol. active oxygen on 
decomposition. Perhydrol is used as an external antiseptic, and is prepared 
by treating the calculated amount of NajOj with 20 % H2SO4, the mixture 
being cooled. 

A good method of preparing hydrogen-peroxide of a high degree of purity 
starts from sodium perborate (see “Sodium compounds and Perborates”). 
When 170 g sodium perborate and 60 g citric acid are dissolved in 1 1 H2O 
a neutral 10 vol. solution is formed, which behaves like HjOj and can be used 
for medicinal purposes. 
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Even better is the prcxjess of obtaining HjOg from barium percarbonate 
(see Barium compounds). According to Germ. Pat. 179771 COj is allowed 
to act on BaOg in presence of water, and the percarbonate is then decomposed 
with formation of BaCO^ and HaOg. tt 

H O2 may also be obtained by treatmg pure banum percarbonate with II2U. 

(Germ. Pat. 179826.) j 1 1 n u 

An electrolytical method for preparing H2O2 is protected by the French 
Pat. 371043. It may be obtained in a solid form by gentle warming, adding 
glycerine and dissolving gelatine in the mixture (Germ. Pat. 186697). 

Hydrogen peroxide Is an excellent bleaching agent, used for bleaehing 
fabrics, feathers, ivory, hair, &c. ; also as a disinfectant in medicine, for restoring 
old paintings and drawings and for various other purposes. 


Optical Analysis according to Prof. Haber: 

Prosp. by Carl Zeiss, Jena (Germany). 


llydrol. Registered name (Germany) for certain oils soluble in water. 
They are used in metal work and as lubricants and rust -preventers in various 
parts of hydraulic machines. 

Hydrolith. Calcium hydride, CaHj, obtaining by heating metallic calcium 
to 800° in a current of hydrogen. 

When pure it is white, but the commercial article occurs as grey lumps. 
It decomposes when treated with water and develops hydrogen according to 
the equation CaH« + 2 HgO = Ca(OH)2 + 2 IR. At the ordinary tempera- 
ture 1 kilo hydrolith gives 1143 litres of H. It is of importance for filling 
military balloons. 


Hydropyrine. The sodium salt of acetylsalicylic acid. It is soluble in water. 


Hydroquinone (p-dioxybenzene). CeH4(OH)2. It is produced by oxidation 
of aniline with a chromic acid mixture. 2.6 parts powdered KgCrgO, are added 
gradually to a cooled solution of 1 part aniline in 8 parts H2SO4 and 30 parts 
H2O. An alkali sulphite is then added, the mixture filtered and extracted 
with ether. The hydroquinone is purified by boiling with animal charcoal. 
Colourless crystals of slightly sweet taste; M. P. 169°. be distilled 

without change. Readily soluble in alcohol, ether and hot H2O. Aqueous 
solutions reduce AgNOg solution in the cold and Fehling's solution on 
warming. FegClg in small quantities colours the solution blue (the colour 
vanishes soon) ; when more FegClg is added the colour disappears and small 
glittering green crystals appear. 

Hydroquinone is used in photography and in the chemistry of colours. 

Test. Distinction from pyrocatechin and resorcine : — An aqueous solution 
of hydroquinone is not precipitated by lead acetate. Impurities are usually 
inorganic substances, sulphuric acid, phenol and quinone: 1 g hydroquinone 
should, when heated, volatilize and leave no residue, and the cold saturated 
solution should not become clouded by a BaClg solution. Phenol is tested 
for by FegClg, the aqueous solutions should not turn violet, nor should a 
smell of phenol be noticeable on boiling. The absence of quinone is recognized 
by the complete colourlessness of the hydroquinone crystals. 

Hydrosilicofluoric acid. HjSiFj. This is obtained by heating fluorspar, 
silica, clay, and carbon; the gaseous SiF4 evolved is passed into water when 
HgSiPg is formed. On an industrial scale the SiF4 is not absorbed in water 
but is passed over surfaces which are constantly kept moist. 

The acid is also obtained as a by-product in the manufacture of super- 
phosphate, and also by treating eartnenware vessels with HF (the object 
Blucher. 22 
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of treating the vessels with HF is to render them more porous.) 
It is further obtained in the process of purifying crude graphite with HF, 
the product being rectified by distillation in steam. 

It is a colourless liquid which when concentrated fumes strongly in the air. 
It dissolves metals but not glass. The only sparingly soluble salts are 
KgSiFg and BaSiF^ which are used in analytical chemistry. 

Hydrosols see „Colloidal bodies^. 

llydrosulphites. Salts of hydrosulphurous acid obtained from acid sulphites 
by reduction with nascent hydrogen. Usually sodium bisulphite solution is 
reduced with zinc and the Zn dissolved precipitated by milk of lime or soda 
solution. The general formula of the hydrosulphites is MJ2S204. 

According to the Germ. Pat. 141452 hydrosulphites are produced by 
means of the salts of titanium sesquioxide, e. g. TigClg. When SOj or an 
acid sulphite is dissolved in water in the presence of TigClg the liquid at once 
becomes brown in consequence of the formation of hydrosulphurous acid. 
Before this solution has time to decompose with separation of S it is allowed 
to run into NaOH, when sodium hydrosulphite Na2S204 is formed, while tita- 
nium hydroxide Ti(0H)4 is precipitated. The latter is used again in the 
process ; it is dissolved in HCJ and converted into TigCl® by electrolysis. 

Recently the electrolytic methods of preparing hydrosulphites from bi- 
sulphites have become important. According to the Germ. Bat. 125207 and 
129861 the cathode liquid is a bisulphite solution, as neutral as possible, 
and the anode liquid a solution of alkali or common salt. By this method it 
is possible to avoid the great losses of current caused by the secondary de- 
composition of free hydrosulphurous acid. The current losses are also mini- 
mized when calcium bisulphite or magnesium bisulphite solutions are used 
as cathode liquid; since the calcium hydrosulphite (or magnesium hydro- 
sulphite) formed is almost insoluble and therefore escapes secondary de- 
composition. The other sulphites can easily be obtained from those thus 
prepared. 

The principle of the old method is completely changed by the Germ. Pat. 
148125. Metallic Na is added to cooled anhydrous ether (or benzene, ligroin, 
or some other medium which does not react with the alkali metals) and dry 
SOo conducted through the liquid. Instead of Na, alloys of the alkali metals 
and instead of SOg-gas, liquid SOg may be used. The action corresponds 
to the equation: 

2 Na 2 SOj = Na2S204. 

The sodium hydrosulphite is separated from the ether and an anhydrous, 
very stable product is obtained. The manufacture is said to bo — with the 
present prices of Na — cheaper than the method with bisulphite and zino- 
dust used hitherto. 

For a considerable period attempts have been made to produce hydro- 
sulphites in a solid stable form. According to the Germ. Pat. 112983, 125303 
and 144632 solid hydrosulphites are obtained by salting out these salts from 
aqueous solutions with NaCl, CaClg, MgClg, ZnCL, NaNOj or NaCoHgOg- 
The supplement to Germ. Pat. 133040 renders anhydrous the solid hydrosul- 
phites thus obtained by washing with volatile liquids which mix readily 
with HgO (e. g. alcohols, acetone, and even ether). Very similar to this is the 
method protected by Germ. Pat. 138315: — The precipitated hydrosulphites 
are pressed and drained, the mother liquor replaced by alcohol or other hquids 
which mix with HgO and finally dried in vacuo over dehydrating agents, 
or in a current of gas free from oxygen. According to the Germ. Pat. 138093 
the solid salts separated from the solution are washed with liquids like alcohols, 
ketones, &c., which mix with water; then the salts are stirred to a paste 
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with liquids such as ether, benzine, benzene, carbon bisulphide, carbon, 
tetrachloride, &c., which do not appreciably dissolve the products of de- 
composition of the hydrosulphites (mainly thiosulphates). Germ. Pat. 144281 
for the preparation of solid, stable hydrosulphites should be mentioned : — 
1—2 % dry zinc dust (1 to 2 %) is mixed with the hydrosulphite solution 
before the separation of the hydrosulphite, or it is mixed with the separated 
hydrosulphite. The zinc dust prevents decomposition of the preparation by 
oxidation. 

Based on similar principles is the method of preparing perfectly stable, 
dry hydrosulphites protected by the French Pat. 341718 and two additional 
patents, and also Germ.Pat. 160529 (suppl. Germ. Pat. 162912, Germ. Pat. 
171362 and 171363), The hydrosulphites are warmed above 650C with a 
dehydrating liquid like alcohol, ketones, &c., when the hydrosulphite separates 
as an anhydrous powder which is first washed with a volatile liquid and then 
dried at 70° C. In certain circumstances it is well to add a little caustic soda 
to the alcohol. 

The Amer. Pat. 756769 must be mentioned. The aqueous hydrosulphite 
is pressed out, dried in vacito and surrounded with coal gas free from oxygen. 
The method offers great objections in connection with the packing and trans- 
port of the preparation. 

In spite 01 all the methods mentioned and numerous others not here re- 
corded, the problem of producing stable hydrosulphite compounds was not 
solved in a satisfactory manner. Now, however, a solution has been found 
by combining the hydrosulphite with formaldehyde. To whom is due the 
honour of having first made this important discovery is a matter of contention 
• of Rouen and the chemists of the cotton factory of E. Zubndel 

in Moscow, but at any rate the discovery was made practically simultaneously 
in various places. To produce formaldehyde-hydrosulphites, hydrosulphites 
7 ^^^1 ZnS 204 and CaS 204 — are mixed with 40 % 

lormaldehyde solution, and the corresponding double salts allowed to crystal- 
lize These formaldehyde compounds have received different names by the 
makers, e. g. Hydrosulphite NF and Hyraldite. It appears that these 
^ 1 obtained by the action of gaseous formaldehyde on hydro- 

sulphites. They are prepared also by treating formaldehyde and sodium bi- 
sulphite with zinc dust. These stable compounds have proved very reliable 
as excellent discharges in calico printing. Other names for anhydrous sodium 
hydrosulphite and sodium hydrosulphite formaldehyde are “Eraditb” and 
Konoalite’'. 


In spite of the geea-t reducing effect of formaldehyde hydrosulphite certain 
yes stul resist this discharge. In order to get pure discharge effects in these 
1 «A7^c! 0 u action of hyraldite is increased according to the Germ. Pat. 

by adding certain metallic oxides or carbonates, e. g. ZnO, MgCO,, &c. 
1 ne same idea is contained in the French Pat. 350607 The hydrosulphite 
rmaldehyde compounds are crystallized, fractionally precipitated or extracted 
1 . g. with methyl alcohol) or reduced with Zn. In all these cases the reducing 
power 18 said to be doubled. 

1^2875 similar stable hydrosulphite corn- 
er ^ 1 ^ L with formaldehyde can be obtained with acetones (acetone 

of by allowing the combination to take place in presence 

- (preferably caustic soda and ammonia). When proper proportions 

evan^ proceeds automatically with rise of temperature. By 

in vacuo at a low temperature acetone -hydrosulphite is obtained 

a solid and stable form. 

in dw'^^^ of their strong reducing action hydrosulphites are much used 
vatA r prinfiing works in the preparation of hydrosulphite — indigo 

, or indigo printing and the preparation of discharge colours. 


22 * 
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Hydrosulphurous acid see „Hydrosulphites“. 

Hydro xylamine. NHa . OH. It was formerly obtained commercially by 
the action of sodium nitrite on sodium bi-sulphite in concentrated aqueous 
solution at about 0® C. The first product is sodium hydroxylamine disulpho- 
nate N(OH) (S03Na)2 according to the following equation: — 

NaNOg -f H2O -f 2 NaHSOa = N(OH) (SOaNa)^ -f NaOH + H^O. 

The corresponding sparingly soluble potassium salt separates from this 
solution on adding KCl. Tne substance separated is heated to 100 — ISO'* 
under pressure in non-alkaline aqueous solution when it is converted into 
hydroxylamine sulphate : — 

N(OH) (SOgKla + 2 Ufi == NH2 . OH . HgSO^ -f 

Hydroxylamine is now produced electrolytically according to Germ. 
Pat. 133457 and 137697 by reducing nitric acid under certain conditions, in 
presence of H2SO4 or some other acid. A similar process, though with modi- 
fications, is the substance of the French Pat. 322943. 

Pure hydroxylamine forms crystalline needles which deliquesce in air; 
S. G. 1.35, M. P. 33®, B. P. (under 22 mm) 58®. Below 15®C it is fairly stable, 
though at higher temperatures it gradually decomposes (when heated above 
100® with explosive violence). 

It has a strong reducing action, is poisonous and attacks glass. 

Hyoscine. Known also as scopolamine, C17H21NO4 an alkaloid found in 
various Solanaceae, particularly in the seeds of Hyoscyamns niger (henbane). 
Its salts are used medicinally, given internally or subcutaneously as a soporific, 
or dropped into the eye to dilate the pupil. A mixture of morphine and scopol- 
amine is used as a narcotic. Sec „Scopomorphine“. 

Maximum dose (internally) 0.001 g Maximum daily dose 0.003 g. 

Maximum dose for injections 0.0002. Maximum daily dose 0.001 g. 

Hyoscyamine. C1.H23NO3. Alkaloid, obtained from the seeds of IJyo- 
scyamus niger. It is closely related to atropine (q. v.). 

White loose needles, M. P. 108.5® C. More readily soluble in H2O and dilute 
alcohol than atropine, readily, soluble in absolute alcohol, ether and CHCI3. 
The solution has a sharp and bitter taste. 

It is a strong poison; used medicinally in the form of its salts. It is given 
internally and subcutaneously as a soporific and as a sedative in cases of 
insanity. Dose: — 0.001 to 0.003 g. In the same quantities it is used by 
oculists for the same purpose as atropine. Maximum dose 0.005 g or 0.015 g 
per day. 

Hypnal = Mono-chloralantipyrine. Obtained by the action of chloralhydrate 
on antipyrine. 

Colourless crystals of M. P. 66 — 67®, readily soluble in hot, less soluble in 
cold HgO. It is used medicinally as a soporific instead of chloral. 

Hypnone see “Acetophenone'*. 

Hypochlorites. For general information on the preparation of hypochlorites 
see the articles “Bleaching", “Bleaching powder^' and “Chlorine alkali 

PROCESS, ELECTROLYTICAL". 

To obtain hypochlorite solutions electrolytically the Germ. Pat. 141372 
employs the corresponding chloride solutions of compounds of the metals 
of the alkaline earths, and small quantities of resins or resin solutions. 

According to the Germ. Pat. 145745 solid hypochlorites are obtained by 
compressing mixtures of bleaching powder and crystalline sodium sulphate. 
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both substances being in the dry state. This forms NaOCl and hydrated 
CaS 04 , which forms a solid mass. 

According to the English Pat. 18947 of 1902 hypochlorites are solidified 
by drying them in an air current under reduced pressure. 

" Hyposulphites see “Thiosulphates'’. 

Uyraldite see “Hydrosulphites". 

Hysterol. Another name for bomyval (q. v.). 


1 

Ibite. A compound of tannin and bismuth oxy-iodide. Grey-green powder, 
odourless and tasteless, said to be used as an antiseptic powder. 

Ice see page 

Ice machines. 

Ice machines: 

Wogolin & Huebner A.-G., Hallo a. d. S., Germany. 

Ichthalbine = Ichthyol-Albumen. It is obtained by precipitating a solution 
of albumen with a solution of ichthyol sulphonie acid. 

A fine, grey-brown powder, soluble in HjO, insoluble in the stomach, 
decomposing in the intestine into ichthyol and albumen. It is chiefly used in 
cases of intestinal catarrh. 

Ichthoform. A compound of Ichthyol sulphonie acid and formaldehyde. 

Illackish-brown insoluble powder, almost odourless and tasteless. Given 
internally as an intestinal antiseptic. It is used externally as a substitute 
for iodoform in the treatment of wounds. 

Ichthyol. Crude ichthyol oil, a volatile sulphurous oil containing sulphur 
IS obtained by heating the oil-stone or stink-stone, a bituminous schist found 
Seefeld in the Tyrol. By treating crude ichthyol oil with concentrated 
^ 2 ^ 0 ^ ichthyol sulphonie acid is obtained the salts of which are used the- 
rapeutically (more particularly the NH^-, Na-, Li-, Zn-salts). 

Ammonium sulphoiohthyolioum as used in medicine is generally called 
ichthyol. Ichthyol sulphonie acid is neutrahzed with strong NHj and the 
evaporated to the consistency of a thin extract. 

Clear red-brown liquid of the consistency of syrup, with a smoky smell and 
raste, soluble in HjO giving a clear solution. It is used medicinally in various 
uiseases of the skin (externally), internally in cases of tuberculosis, pulmonary 
catarrh of the lungs, and chronic disease of the stomach and intestines. 

Ichthyolidine. The piperazine salt of ichthyol sulphoric acid, given in the 
lorm of tablets in gout and uric acid troubles. 

Imogen sulphite see “Photographic chemicals". 

Indamines. A class of coal-tar colours included amongst the quinonimide 
NH simplest representative of these colours is “indamine" 

^2 • CeH 4 . N : CgH 4 : NH, which is obtained by the oxidation of a mixture 

equal molecules of p-phenylenediamine and aniline. It forms greyish- 
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black to greenish-blue salts, solti8le^4n water which give a violet shade on 
wool mordanted with tannin or tartar emetic. 

Indanthrenes. The name under which certain blue coal-tar colours are 
sold commercially. They are used as vat-dyes and are faster than indigo. 
According to the Germ. rat. 129846 and 136407 these dyes are obtained by 
fusing y^-amidoanthraquinone with an alkali at 200 — 300 and dissolving 
the melt in HoO in presence of air. The blue dyestuff so formed is insoluble 
in HgO, though it dissolves in alkalies in presence of reducing agents giving 
a blue solution. To the same family belong: — the yellow flavanthrene, 
the grey melanthrene and the deep-blue cyananthrene. 

Indian yellow see “Puhree*' and “Cobalt colours'". 

Indicators. 

1. Litmus (see “Vegetable Colours"): 1 part litmus is digested with 
6 parts HgO and filtered, exactly neutralized and again re-filtered. 

2. Cochineal: 3 parts crushed cochineal are digested with 20 ccm HgO 
and 60 ccm alcohol and filtered. 

3. Aurine (Coralline): 1 g aurine in 600 ccm alcohol of 80 vol. 7ol tke 
solution is acid and must be exactly neutralized with baryta water before use. 

4. Phenolphthalein : 1 g in 76 g alcohol. 

6. Phenacetolin : 25 g benzene, 30 g concentrated H2SO4 and 30 g 
acetic acid anhydride are heated under a reflux condenser. The free acids are 
removed by washing with cold water, and the product boiled with HgO. The 
solution thus obtained is then evaporated to dr3mess. By dissolving the 
residue in alcohol the phenacetolin solution used as an indicator is obtained. 

6. Methyl-orange : 1 g in lOOO'g water. 

The reactions of the indicators mentioned will be found in the arti(;le 
“Alkalimetry". 


Indigo. The dyestuff known from ancient times obtained from different 
kinds of Indigofera (India, China and Java). It also occurs in the European 
Polygonum tinctorium and in woad, Isatis tinctoria. The dyestuff occurs 
as a glucoside and is obtained in the free state by fermentation. During this 
process CO^ is developed which reduces the dyestuff forming a yellow liquid. 
By vigorous stirring with paddles and oars this is brought into contact with the 
air, oxidation ensues, and the indigo is precipitated in blue flakes. The paste 
so formed is heated to boiling several times and finally all the water is expelled 
by pressing. 

Indigo is thus obtained in dark-blue to purplish -violet masses which 
show a fracture with a metallic lustre. It can be easily powdered. 

An improvement on the above process is described in French Pat. 323036. 
According to this the indigo plant is macerated and treated with tannin. 
Pure indigo blue is precipitated and the impurities remain in solution. The 
active constituent is indigo blue. 

For details concerning indigo dyeing &c. see „Indigo dyestuffs” and 
„Vats and Vat dyestuffs. 


Indigo dyestuffs. The chromophore of this class of colours is supposed to 
.CO. 

be the group X) = ; it is found duplicated in indigo blue. The 


constitution of this substance, which is the principal representative 
this class of colouring matters, is as follows: — 


/CO. 

n u / Nri . 




of 



Indigo dyestuffs. 


343 


It must be added that the molecular weight 624 of indigo, lately determined 
by experiment, should double the above formula. 

A. The manulactuie of Indigo. 

A great number of methods have been brought forward for the synthesis 
of indigo of which, however, only a few have proved of practical importance. 
The number of patents dealing with the synthesis of indigo and aUied sub- 
stances increases annually to such an extent that it is now difficult to distin- 
guish between the valuable and the less important. 

We shall here for convenience* sake divide the synthetic methods into 
three groups, according to the substance from which the indigo is made. 

1. Synthetic production of Indigo from Naphthalene. 

The largest amount of artificial indigo brought into commerce is probably 
manufactured by a process patented by Heumann (Germ. Pat. 91202). Naph- 
thalene is oxidized with H 2 SO 4 in presence of salts of Hg to phthalic acid; 
this is then converted into phthalimide which is further converted into an- 
thranilic acid. The anthranilic acid is condensed with chlor-acetic acid, thus 
forming phenylglycocoUorthocarbonic acid. This product is then fused 
with caustic alkali, the melt dissolved in water and finally the indigo separated 
by oxidation with atmospheric oxygen. The phases of the process are given 
in the following formula. 

.CO„H .CO. /NH, 

Cio Hs Ce H4 < Ce >NH Ce 

H XOgH 

.NH , CH.2 . CO 2 H 

Ce H 4 Indigo. 

XO2H 

The synthesis of indigo from phthalic acid or anthranilic acid has undergone 
many modifications. The phthalic acid is obtained (Germ. Pat. 134410) 
from a -nitro -naphthalene by heating the latter first with alkalies and oxidizing 
metallic oxides. It is thus converted into nitronaphthol and on again heating 
the product with alkalies a mixture of benzoic and phthalic acids is formed. 
It is not very probable that this method will supersede the older one described 
by Heumann. 

According to Germ. Pat. 130301 and 130302 the anthranilic acid is obtained 
from phthalyl hydroxylamine. This compound, which according to Germ. Pat. 
130680 and 130681 can be easily made from phthalic acid anhydride and 
hydroxylamine in alcoholic solution, is changed at once into anthranilic acid 
by treatment with NaOH solution. The same process is protected by the 
French Pat. 318050. The Germ. Pat. 136836 and 136788 do not differ 
essentially from the methods by which anthranilic acid is obtained from 
free phthalyl hydroxamic acid. The latter acid is prepared from hydroxyl- 
amine by the action of phthalic acid anhydride in aqueous solution; the 
phthalyl hydroxamic acid is then converted into anthranilic acid by boiling 
with an alkali or alkaline carbonate. The process protected by the Germ. Pat* 
129165 seems to have become of technical importance. By this method the 
an^ranilic acid is obtained from its sulphomc derivates; sulphoanthranilio 
^id is decomposed giving anthranilic acid by the addition of sodium amalgam. 
As, however, the sulphoanthranilic acid is obtained indirectly from toluene, 
this process will be further described below. 

Another substance should also be mentioned here as a starting point in the 
“^^J^^^^cture of anthranilic acid. Germ. Pat. 102068 and 139659 protect a 
method for obtainii^ this substance from phthal-chlorimide by passing HCl 
mto water containing phthalimide in suspension. The phthal-chlorimide 
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yields anthranilic acid when digested with dilute caustic soda (Germ. Pat 
133690). 

A modification of Heumann^s method of converting anthranilic acid into 
phenylglycocoll -carbonic acid is given in Germ. Pat. 117924 and 12013(3. 
CjHdNHg) . COjH, anthranilic acid, is converted by the action of formaldehyde 
and hydro(;yanic acid into <w-cyanmethylanthranilic acid, that is the nitrile 
of phenylglycocoll carbonic acid, from which the acid itself is obtained by 
saponification. From the phenyl glycocoU-o-carbonic acid 


C.H,/ 


NH . CH 2 . CO 2 H 

CO2H 


the indigo is prepared by fusing with caustic potash at first in the absenc^o 
of air. Afterwards air is passed into the solution of the melt. Modifications 
of this method are given by Germ. Pat. 123695 and 168346. The separation 
of the indigo by passing air into the solution of the melted substance is pro- 
tected by Germ. Pat. 120900. Germ. Pat. 152548 describes what appears 
to be a better method, by which the phenyl glycocoll carbonic acid may 
be directly converted into indoxyl by fusing with alkali in vacuo. The indoxy] 
is then converted into indigo by blowing air through the mixture. 

According to Germ. Pat. 158089 it is easier to convert the dialkylesters or 
the diamido derivatives of phenylglycocoll carbonic acid than the free acids 
into indoxyl, by heating them with sodamide in benzene solution. Some 
similar solvent may be used. The sodamide used in this process is described 
later. 

The above-mentioned method of converting anthranilic acid into a>-cyaii- 
methyl anthranilic acid by the action of formaldehyde and hydrocyanic acid, 
can (according to Germ. Pat. 165628) be more advantageously carried out 
if the formaldehyde and anthranilic acid are first condensed and the product 
of this condensation treated with sodium bisulphite. The acid sodium salt 

NH . CH 2 . SOsNa 

of the <t) sulphomethyl anthranilic acid is formed. 

TOOH 


The latter can be transformed directly by a metallic cyanide into o/ cyaii- 
methyl anthranilic acid. 

Another method for the preparation of phenyl glycocoll-o-carbonic acid 
is protected by Germ. Pat. 125456, 142506, and 142507. The above acid is 
obtained from o-chlorbenzoic acid and glycocoll by heating the alkaline salts 
of the components in a dry state to 220 or by boiling them in aqueous solution 
for from 4 to 6 hours. Should the latter method be followed the reaction 
is favourably influenced by the addition to the solution of copper- 
filings and alkaline carbonates. The supplementary Germ. Pat. 143902 
(orig. Germ. Pat. 142507) states that the oxalyl compounds of 
glycocoll can be used instead of glycocoll itself. The oxalyl di-glycocoll 
provides a convenient method for preparing pure glycocoll on account of its 
insolubility in water. If molecular quantities of o-chlorbenzoic acid and 
oxalyl di-glycocoll in the form of their alkali salts are heated a good yield of 
phenyl glycocoll carbonic acid results and not, as might be expected, oxalyl 
di-phenyl glycocoll di-o-carbonio acid. The success of this process depends 
upon the existence of a cheap method for the manufacture of o-chlorbenzoic 
acid (q. v.). 


2. The prepabation of Indigo from Aniline. 

For some time methods for the preparation of indigo from aniline have been 
known and indeed practised. Indigo can be obtained (Germ. Pat. 64626) 
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bvTfusing phenyl glycocoll, CgH. . NHCHg . CO^H with caustic potash at first 
in the absence of air, with later oxidation of the solution of the melt by means 
of a current of air. Phenyl glycocoll, which can also be regarded as phenyl- 
araidoacetic acid, was obtained by the action of chloracetic acid on aniline. 
It seems, however, as if this synthesis remains only of theoretical interest, 
partly because of the poor yield from the fused phenyl glycocoll and partly 
on account of the considerable difficulties presented in practice by the appa- 
rently simple conversion of aniline and chloracetic acid into phenyl amido- 
acetic acid. It is true that by the method protected by the French Pat. 317121 
the yield of phenyl glycocoll from chloracetic acid and aniline can be trebled 
by observing certain technical details in working, but still the result seems 
not sufficiently satisfactory for the process to hold its own, for the application 
for the German patent has been withdrawn. The prospects for the S 3 nithetic 
production of indigo from aniline have meanwhile improved as a result of other 
circumstances. According to Germ. Pat. 132621 a process has been discovered 
for the manufacture of to-cyanmethyl aniline, that is the nitrile of phenyl 
glycocoll. The bisulphite compound of anhydroformaldehyde aniUne is 
converted by KCN into a»-cyanmethylaniline. According to French Pat. 
315269 the same compound is still more simply obtained from aniline hydro- 
chloride formaldehyde, HCl and KCN. By the saponification of the nitrile 
(i.e. w-cyanmethyl aniline) phenyl glycocoll itself is formed. In order to obtain 
the salts of phenyl glycocoll in one operation aniline is treated with formalde- 
hyde and KCN in dilute alcoholic solution, without the addition of acid. 
This process is registered as French Pat. 135332. A modification of this 
me thod protected by Germ. Pat. 145376 recommends that the reaction 
aliould be carried out in alkaline alcoholic solution. Further the Germ. Pat. 
156760, a modification of Germ. Pat. 132621, should be here mentioned. 

The Germ. Pat. 157617 also deals with the same subject. A solution of KCN 
is treated with HCl and anhydro-formaldehydc aniline is added in the proper 
proportions, the mixture is heated for two hours on a water bath, a> -cyan- 
methyl aniline being formed. In principle, the French Pat. 315269 is similar. 
That improvements are possible in this line is shown by the registration of the 
Germ. Pat. 157710 according to which aniline hydrochloride and KCN react 
m ether or ligroin solution in presence of acetone. The nitrile is thus formed 
directly. Finally mention must be made of Germ. Pat. 157909 according to 
v'hich formaldehyde is first condensed with bisulphite and then aniline is 
warmed with the formaldehyde bisulphite thus produced. The sodium raethyl- 
aniline-(o-sulphonate formed is treated with KCN when tw-cyanmethyl 
aniline is formed. Recently considerable improvements in the manufacture 
glycocoll have been introduced. According to Germ. Pat. 167698 
chloracetic acid is treated with excess of aniline in presence of lime or magnesia 
(an excess of basic substances, except aniline, must be avoided). 

A good yield is obtained (Germ. Pat. 177491) by the action of aniline upon 
c iloracetic acid at the moment of liberation of the acid from a salt of one of 
le heavy metals. This process is carried out by warming aniline and chlor- 
acetic acid in saturated salt solution in presence of the oxide or carbonate 
oi a heavy metal (e. g. ferric hydroxide). This is similar to French Pat. 375055. 
i henyl glycocoll may also be obtained (Germ. Pat. 175797) by warming 
ro benzene with iron and chloracetic acid. 

Bespite these various new methods it does not seem as if the S 3 mthetic 
production of indigo from aniline by means of phenyl glycocoll will prove 
ccessful, since only a poor yield of indigo is obtained by fusing phenyl glycocoll 
tn caustic alkali. According to Germ. Pat. 138903 the yield is considerably 
fusion with alkali is conducted in presence of an alcoholate; 
2 to French Pat. 322536 sodium or alloys of Sn, Pb, &c. with Na, 

also hme should be added to the fusion mixture. The French Pat. 319670 
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recommends in preference to the above, the addition of caustic baryta or caustic 
lime to the NaOH. All these processes for the conversion of phenyl glycocoll 
into indigo have, however, been pushed into the background by Germ. Pat. 
137966 in which sodamide is used as a condensing agent. The sodamide 
NaNHg is either melted and the glycocoll then introduced or the powdered 
amide is mixed with the glycocoll and then placed in a vessel heated to the 
requisite temperature. See „Sodium compounds”. The reaction, in which the 
escaping NH 3 prevents the harmful effects of the air, corresponds to the 
equation 

.NH. 

CeHgNH . CH 2 . COONa + NH^Na = Cfi/ >CHa -f NaaO-f NH 3 . 


The improvement in the yield compared with that obtained when caustic 
alkali is used is due to the fact that the NaNHg melts at a much lower tem- 
perature than NaOH and acts on the glycocoU at its melting point, while 
the high temperature needed for fusing the alkali destroys a large portion of 
the glycocoll. The indoxyl produced in this way is dissolved and subjected 
to oxidation, when indigotine is formed. Germ. Pat. 149638 protects a special 
process of oxidation of the fused leuco-compound. The action is carried 
out in aqueous solution in presence of alkali nitrates by a strong current of 
air or oxygen. According to French Pat. 343078 the phenyl glycocoll is heated 
to 230® with caustic alkali in a current of hydrogen, or the heating is carried 
out in vacuo with caustic potash and metallic Na. The indoxyl formed is 
dissolved in HjO and the indigo precipitated by blowing in air. 

Sandmeyee’s extremely interesting and promising process also starts 
from aniline. Diphenylthiourea is obtained from aniline and CSg ; this is then 
converted into hydrocyanocarbodiphenylimide by simultaneous treatment 
with KCN and white lead (lead carbonate). The product is converted by 
means of yellow ammonium sulphide into a thioamide. If this is warmed 
with concentrated H 2 SO 4 NH 3 and HgS are evolved and a-isatinanilide is 
formed. 

The reactions are as follows: — 


■/ 


NH . CS^ 


NH . an. 




^NH 

CN- 


^ = N . 




/NH 

C.h/ >C ; 


/NH 

^ C.h/ >C:N.C,F 

S:C^NHj 

From isatinanilide indigo) is formed by reduction with ammonium sulphide. 
According to Germ. Pat. 131934 if H^S is allowed to react with a-isatin- 
anilide in acid solution a-thioisatine and aniline are formed. Thioisatine 
is an unstable body which decomposes into sulphur and indigo on the addition 
of alkalies, alkali carbonates, &c. If on the otner hand isatinanilide is treated 


with dilute H 2 SO 4 , aniline separates and isatine, C 4 H 4 



one of 


the products of the oxidation product of indigo, is formed. It is easily prepared 
by this method. 


3. Synthetic production of Indigo from Toluene. 

This method is also of industrial importance. Formerly toluene was necessary 
in the preparation of anthranilic acid (toluene o-nitrotoluene 
O'toluidine — > o-acettoluidide). The last named compound on oxidation 
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with KMn04 gives anthranilio acid. The process, however, cannot compete 
with the synthesis from naphthalene. 

Indigo is obtained from toluene in the following stages: — toluene — 
o nitrotoluene o-nitrobenzaldehyde — ► o-nitrophenyl lactic acid methyl 
— ► indigo. The difficulty in this process lies in the preparation of 

the o-nitrobenzaldehyde. As a rule the o-nitrotoluene is treated with chlorine ; 
tlie product, o*nitrobenzylchloride, is condensed with aniline; the result, 
o-nitrobenzylaniline, is oxidized to benzylidene compounds, after which the 
last named substance is decomposed giving as a final product o-nitrobenz- 
aldehyde. This process, patented by tne “Hbchst Farbwerke'', as well as the 
other methods given, are all very complicated ; a new patent lately registered 
( laims, however, to prepare in one operation o-nitrobenzaldehyde from o-nitro- 
toluene; manganese dioxide and H0SO4 are used so that great simplification 
and economy are attained. The other parts of the synthesis in question are 
not difficult to perform. The conversion of nitrophenyl lactic acid ketone 
into indigotine takes place quite easily and almost quantitatively. The o-nitro- 
phenyl lactic acid ketone is obtained by the condensation of o-nitrobenzalde- 
liyde with acetone in alkaline solution. An improvement in this condensation 
process is treated of in Germ. Pat. 146294. The o-nitrophenyl lactic acid 
ketone may be applied to the fibres and subsequently converted into indigo, 
hut extended use of the ketone is prevented owing to its slight solubility in 
HgO. The nitrophenyl lactic acid ketone can be made soluble by acetic acid, 
or still better by aromatic sulphonic acids. The use of the latter compounds 
for this purpose is protected by Germ. Pat. 148943 and the English Pat. 11522 
(1902). A still better method of dissolving the nitrophenyl lactic acid ketone 
is protected by Germ. Pat. 160783. Accor^ng to this patent it has been found 
that the above mentioned ketone forms with the alkaline salts of benzyl- 
anilip sulphonic acid, C4H5 . CHg . NH . CeH4 . SO3H, a compound which 
readily dissolves in HgO, and is very stable. 

The above-mentioned process protected by Germ. Pat. 129165 also belongs 
to the synthetic production of indigo from toluene. Anthranilic acid is obtained 
from its sulpho-derivates, the sulphoanthranilic acid being composed by 
sodium amalgam into anthranilic acid. This latter compound is then converted 
through phenylglycocoU carbonic acid into indigo in the manner described above. 

Sulphoanthramlic acid is obtained (Germ. Pat. 138188) by boiling o-nitro- 
toluene sulphonic acid with caustic soda solution, when reduction of the nitro- 
group and oxidation of the methyl-group take place simultaneously. Instead 
of converting sulphoanthranilic acid into anthranilic acid with sodium amalgam. 
Germ. Pat. 143141 proposes to convert the acid into phenylglycocollsulpho- 
carbonic acid by means of chloracetic acid or formaldehyde and hydrocyanic 
acid and then to fuse this product with caustic soda. At a temperature of 
220—230® a mixture of indigo and indigo sulphonic acid is obtained, whereas 
if the temperature be raised to 310 — 340® indigo alone is formed. Germ. Pat. 
154524 modifies the process of Germ. Pat. 143141 in one point, namely the 
diphenylglycocollsulphocarbonic acid is fused with sodamide instead of with 
caustic soda. The reaction takes place at a much lower temperature. If the 
temperature is then raised to 200 — 220® no indigo sulphonic acid is formed. 

According to Germ. Pat. 146716 the sulpho-group of the sulphoanthranilic 
^id can be removed by electrolysis in catho(m chambers. The supplement 
to Germ. Pat. 147228 extends the same electrolytical reaction to the phenyl- 
glycocollsulphocarbonic acid which can be obtained from the sulphoanthra- 
mlic acid, the result being phenylglycocoU-o-carbonic acid. 

B. Pnrifioation and properties of Indigo. 

^^J^tural and sjnithetic indigo contain impurities which must be re- 
Bioved before the product can be used for most purposes. 
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A process that has been used for some time, is to boil it with a mixture of 
concentrated acetic acid and concentrated H 2 SO 4 when the indigotine alone 
dissolves as indigotine sulphate. It is freed from impurities by filtration, 
and by the addition of large quantities of water the indigo sulphate in the 
filtrate is decomposed, the indigotine being precipitated. This process, 
however, since large quantities of both acids are necessary, is only adapted 
for industrial purposes, when the materials can be subsequently recovered. 
To accomplish this according to Glerm. Pat. 156829, the H 2 SO 4 in the mixture 
of indigo, sulphuric acid and acetic acid is treated with anhydrous NagSO^ or 
NaCaHjOg without the addition of water. The acetic acid is then distilled off, 
the bisulphate dissolved by adding a little water, and the residual indigo 
bisiilphate finally obtained by crystallisation. 

According to Germ. Pat, 134139 the crude indigo for purposes of purification 
is extracted on a boiling water bath with pyridine bases. Germ. Pat. 148114 
recommends the heating of the indigo to a temperature below the point of 
sublimation and decomposition (i. e. 2000 — 270 °). In this way the red im- 
purities are destroyed and the synthetic indigo acquires the bronze tone whidi 
IS so highly valued by most buyers. For a modification of this process see 
supplement Germ. Pat. 179351. According to Germ. Pat. 158500 the im- 
purities again are removed by extraction with phenol or phenol esters in such 
proportions that only the impurities are dissolved and the indigo itself remains 
practically unaffected. 

According to Germ. Pat. 147162, 149460 and 157541 indigo is obtained 
in the dry state by mixing indigo paste with starch and indifferent substances 
such as magnesia, clay, chalk, &c. If instead of these mixtures sugar molasses, 
glycerine, gelatine or laminaria ^), is used dry indigo can be treated in the 
same way. The mixture is pressed after filtration, moulded and dried at a 
low temperature. Very finely divided indigo is obtained (Germ. Pat. 170978) 
by adding to the alkaline solution of the leuco compound small quantities 
of fatty or resin acids before oxidation takes place. In this way the oxidation 
takes place in presence of soaps. 

Finely divided indigo in a moist state (highly concentrated' indigo paste) can 
be obtained by mixing with carbohydrates (molasses, &c.) and evaporatmg to a 
thick paste (French Pat. 361357). The preparation is stable and requires the 
addition of no preservatives. 

Indigo is insoluble in all the ordinary solvents. It has no affinity for animal 
or vegetable fibres and can only be fixed on the fibre by vat dyeing (q. v.). 
If indigo is dissolved in fuming H 2 SO 4 a deep blue solution is obtained, which 
is no longer pure indigo but indigo sulphonic acid. By neutralisation of the 
dilute filtered solution with soda (common salt being also added) the sodium 
salt of indigo sulphonic acid is obtained. This is sold as indigocarmine or soluble 
indigo blue. It is soluble in cold water. Indigocarmine is obtained synthetic- 
ally by dissolving phenylglycocoll in fuming H 2 SO 4 at a low temperature, 
and then oxidizing tne mixture. It is interesting to note that Moehlau has 
recently obtained colloidal indigo which dissolves in HgO to a clear deep 
blue fluid. His method is to warm indigo in suspension in a solution of 
caustic soda and sodium hvdrosulphite in presence of air. The clear solution 
is, after cooling, treated with lysalbinicacidor protalbinic acid (see Prota^inic 
acid). It is then filtered and the filtrate oxidized with H 2 O 2 . In this way 
the indigo is obtained in a form soluble in water. It can be recovered by 
evaporation without losing this property. 

By the use of colloidal indigo solutions, dyeings can be obtained which as 
regards fastness to light and rubbing are quite equal to those produced in the 


q A kind of gea-weed. 
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ordinary way. Since however the indigo is more or less deposited on the 
surface only, these dyeings are not fast to soap and milling. 

C. Substituted Indigo derivates. 

Substituted indigo preparations are becoming increasingly important. 
Of these preparations the most important is bromindigo, for the manufacture 
of which so many patents have been taken out that only the most important 
can be here mentioned. 

According to Glerm. Pat. 128576 and 149941 liquid bromine or bromine 
vapour is allowed to act upon indigo in the dry state or in presence of moisture. 
According to Germ. Pat. 149940 bromindigo may be prepared 
by intimately mixing the indigo with bromine starch. With the same object 
indigo is treated with pyridine bromide, CrHjNBrg (Germ. Pat. 149899). 
According to Germ. Pat. 149983, indigo or indigo white is electrolyzed with 
or without a diaphragm. The aqueous or sulphuric acid suspension of indigo 
is then treated with hydrobromic acid, or with bromides* Further, according 
to Germ. Pat. 144249 and 145910 indigo white or its sodium compound may 
be treated with bromine and the resulting bromindigo white oxidized in the 
usual way to bromindigo. 

Ac(!ording to Germ. Pat. 149941 the process of treating with Br is carried out 
in presence of HgO. The same principle, with modifications, is described in 
Germ. Pat. 149989, 151866, 158511, 154338, 160817, 161463 and 162670. 

Bromindigo is apparently not destined to become of very great importance 
for dyeing purposes. It yields a bright violet-blue shade which is faster 
to light and steaming than pure indigo colours. It can also be shaded with 
indigo to any desired extent. 

According to Amer. Pat. 866776 and 866687 tri- or tetrabromindigo may 
be obtained by treating indigo with definite amounts of bromine at a tem- 
perature of 225® in presence of certain solvents such as nitrobenzene. (The 
preparation is also protected by French Pat. 375514.) It should prove of 
great value on account of its brilliancy of shade, exceptional fastness to 
chlorine and the readiness with which the vats may be prepared. 

Chlorindigo also seems to be of value. See Germ. Pat. 164384, 165149, 
167771, 167830, 168683, and Amer. Pat. 812598. 

Of lesser importance are other substituted indigos, e. g. dinitroindigo, naph- 
thaleneindigo, &c. 


In the conversion of phenylglycocoll into indigo or indigocarmine an 

/(OCH) 

intermediate product, indoxyl, ^CH, is produced. The car- 

^ NH ' 


bonate of indoxyl, indoxylic acid, C 9 H 7 NO 3 is sold under the name of indophor. 
the alkaline solution when shaken in presence of air yields indigo. Indophor 
blue printine. Indoxyl can be obtained (Germ. Pat. 79409 and 
137208) from methylanthranilic acid by heating with caustic alkalies (better 
sodamide). See also Germ, Pat. 138903, 142700, 145601 and 
163039 French Pat. 209667, 328148, 340696 and 348980, Amer. Pat. 776884, 
u naost important methods have been mentioned above in the para- 
gr^hs dealmg with the preparation of indigo. 
iJyeing with indigo must be carried out in vats. The indigo is first reduced 
white; the solution of the latter in alkaline liquids is called the 
oigo vat. According to Germ. Pat. 139567 the reduction of the indigo to 
uigo vjite is carried out by electrolysis in presence of hot sulphite solutions, 
chamber containing H 2 SO 4 . The indigo white so prepared keepa 
cii and may be transported without change. Germ. Pat. 163677 describes 
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a process for the preparation of indigo. Anthranilic acid is heated in molecular 
proportions with glycolid or glycoUic acid, and the product of the reaction 
then fused with caustic alkali. A leuco compound is thus obtained which on 
oxidation yields indigo. 

According to French Pat. 349379 indoxyl or indoxylic acid is converted 
into indigo white by treating it with an aqueous suspension of indigo while 
air is blown through. Small quantities of ferrous salts or alkaline sulphides 
facilitate the reaction. Interesting compounds of indigo are obtained (Germ. 
Pat. 168625) by treating indigo with concentrated aqueous or alcoholic 
solutions of alkalies or alcoholates. The compounds are obtained in the form (d 
a dry greenish powder which is stable ana only slightly soluble in alcohol. 
It is decomposed by water. The indigo separated by treatment with water 
is especially adapted for the preparation of vats. 

If a fibre is dipped into an mdigo vat, the indigo white is deposited in the 
fibre and is there converted into indigo blue by atmospheric oxygen. See 
„Vats“ and „Vat dyestuffs“. 


Indium and Indium compounds. 

Indium. In. A. W. — 114. A rare silver- white metal, found with zinc 
and obtained from zinc blende. It is softer than lead, very ductile and capable 
of taking a high polish. S. G. (at 17® C) 7.4; M. P. 176®. Dissolves in dilute 
HCl and H2SO4, more rapidly in HNO3. Indium, like its compounds is of 
little importance. 


Indoform == Salicylic acid methyleneacetate. 


/O . CH. . COo . CH.. 

c.h/ 

x:o,H. 


White powder M. P. 108 — 109®, said to be given in doses of 0.6 — 1.6 g for 
gout, neuralgia, and rheumatic diseases. 


/CH. 

Indol. C,h/ V;H. 


May be obtained in various ways, e. g. by 


distilling indigo blue with zinc dust. Vorlabndbr and Apelt recommend 
reducing indoxylic acid or indoxyl with sodium amalgam in alkaline solution 
and then distilling with steam in a current of COg. The indol passes over 
partly in the crystalline state (M. P. 62®) and partly dissolved in the distillate 
from which it can be separated as the picrate. 

According to German Pat. 152683 organic compounds of the type 
R . N . CHg . CO (where R is an aromatic radical), such as phenylgly cocoll, 
its o carbonic acid &c., are converted into indol and its derivates by treatment 
with oxides or hydroxides of the metals of the alkalies or alkaline earths. 
The indol contained in the melt is combined with alkali and mixed with 
indoxyl derivates. In order to separate it the indoxyl derivates are oxidized 
to indigo, the indol extracted from the filtrate by means of ether or benzene, 
and precipitated with picric acid. 

The yield rises with the temperature, especially when finally divided iron, 
sulphites or other suitable reducing agents are added to the melt. 

Another patented method is of tms nature: — o-nitrotoluene o-nitro- 
benzylchlonde — ► o-nitrostilbene o-amidostilbene — » indol. 


Indophenols. A class of coal-tar colours included in the quinonimide grbup 
(q. V.) ; they are closely related to the indamines (q. v.). Indophenol must be 
regarded as the oxidation product of dimethyl-p-amidophenyl*4-ainido-l- 
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nft«hthol According to the Germ. Pat. 15925 (expired) they may be pro- 
duced by the simultaneous oxidation of phenols and p-amidophenols with 
alkaline oxidizing agents. An improyement of this process is the object of 

Germ Pat. 157288. . . 

Blue indophenol is reduced to indophenol white by reduction with tm 
acetate. It is fixed on the fibre by yat dyeing (q. y.). 

A new method of preparing indophenols which is of commercial importance 
French Pat. 330388, 332884, and 346099) consists of condensing nitroso- 
henols in the presence of an acid with amines in which the para position is 
unoccupied The concentration of the acid appears to play an important part. 
See &SO Germ. Pat. 160710, 168229 and 170128. 

Indophor see “Indigo dyes”. 

Indoxyl see “Indigo dyes'*. 

Indulines. A class of coal-tar colours belonging to the azines (see “Azine 
i)YESTUFFs“). They are p-quinonimide derivatives containing the chromo- 
phore : — ^ 

r/ >Rj .nh. 

I 

R 

Concerning the nomenclature of these colours all those obtained by heating 
amidoazobenzene or azobenzene with aniline or aniline salts (induline rnelt) 
are called indulines, while nigrosines are the indulines obtained from nitro- 
benzene or nitrophenol. 

Rosindulines see “Safranines“. 

Inertol see „Spinnino oils“ under 

Infusorial earth (Kieselgur). The siliceous remains of Diatoms. A soft 
white or greyish powder. It is sold, after sorting according to colour, washing 
and calcining, as a non-conducting material for enveloping steam boilers and 
steam pipes, as an absorbent for liquids, liquid manures, for treating damp 
walls, in the preparation of dynamite (q. v.), and as a filling material in the 
manufacture of soap, dyes, blotting paper, rubber goods, &c. See also “Dia- 
tomite“. 

Infusorial earth: 

C. W. Reye A Sohne, Hamburg. 

Ingrain colours. They are obtained from Primuline (see “Thiobenzbnyl 
dyestuffs”) by treating dyed material with various developers. Unmordanted 
cotton is dy^ with primuline yellow, diazotized on the fibre and then treated 
Nvith y^-naphthol (red developer (which produces ingrain red). Developing 
with benzylnaphthylamine (Bordeaux developer) produces ingrain bordeaux 
and developing with m-phenylenediamine gives ingrain brown. Other devel- 
opers have been described by which ingrain orange, ingrain yellow, ingrain 
maroon, and ingrain crimson can be obtained 

Insect blossoms (Flores Pyrethbi). These flowers which belong to the 
chrysanthemum group {Pyrethrutn) are dried and sold for various purposes. 
Ihere are numerous varieties, which are broadly divided into Persian and 
Dalmatian kinds. Another variety found only in North America is imported 
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into Europe under the name of Transatlantic Pyrethrum. The oriental 
kinds (Persian) have long, oval, green or greenish-Drown enveloping leaves 
deep rose-coloured or withe radiating petals 15 mm in length and yellow,' 
pipe-formed, five-pointed styles. The Dalmatian blossoms have a yellow 
brown involucre and styles 6 mm in length ; the seed shell is also much larger 
than that of the oriental variety. 

Insulation. A distinction is drawn between heat insulation and electrical 
insulation. 

As non-conductors of heat the following are used: — 

tow, silk, slag-wool, wood-wool, asbestos, saw-dust, papier mache, clay, 
clay mixed with straw, ashes, cork, sand, charcoal, felt, cowhair, moss 
spone, asphalt, kieselgur, &c. 

The Berkefeld insulating substance is a mixture of kieselgur and cowhair: 
Knoch's patent preparation is preparatcd from wood, jute, wool, argillaceous 
shale (killas) and animal glue. Leroy’s mixture is composed of clay, hemp 
and cocoanut fibres, wool refuse, paper pulp, charcoal, saw-dust, flour and 
tar. By fermentation the mass is made uniform and adhesive. Glass plates 
and asbestos felt are also used. Mixtures which contain organic matter are 
steeped in solutions to render them non-inflammablo See „Uralite“. 

Cork-stone products are valuable for this purpose. See also ,,Diatomite“. 

For electrical purposes caoutchouc, guttapercha, porcelain, &c. are most 
important. Germ. Pat. 147688 protects a preparation of soaps used either 
alone or mixed with rubber, guttapercha, &c. 

Invar see “Nickel alloys”. 

Invert sugar. A mixture of molecular proportions of grape sugar (dextrose) 
and fruit sugar (laevulose), obtained by the action of dilute acids on cane 
sugar : 

Ci2H220n + H^O - CeH.^Oe -f- 

Cane sugar Water Dextrose Laevulose 

Invert sugar 

As laevulose turns the plane of the ray of polarized light more to the left 
than dextrose does to the right, invert sugar being a mixture of equal molecules 
is laevorotatory, while cane sugar itself is dextrorotatory, consequently 
“inversion” has occured. 

In consequence of its valuable properties invert sugar is prepared in various 
ways; according to the Germ. Pat. 57368 in the following manner: A solution 
of cane sugar is brought to boiling point in a closed vessel and then injected 
into another closed vessel by means of an injector worked with CO 2 at a 
pressure of at least 4 atmospheres. This second vessel contains COg at to 
% atm. pressure. It is in this stage of the process that the sugar in the form 
of spray is inverted. 

According to Swedish Pat. 14979 (1902) a pure, pale syrup of agreeable 
taste may be prepared from molasses: The acidified sugary mass is added to 
a more or less inverted solution of sugar prepared from sugar with a low 
percentage of ash obtained from the original sugar-substance. 

Pure invert sugar is a colourless syrup from whimi a little dextrose gradually 
separates when exposed to light. It is sweeter than cane-sugar, of more agree- 
able taste than sugar candy and is directly fermentable. It is used to improve 
wine, in the manufacture of champagne, liqueurs, fruit preserves, and honey- 
substitutes. 

Iodine. I. Atomic weight = 126.98. This element, chiefly obtained from 
the ash of certain kinds of sea- weed, belongs to the group of halogens. Recently 
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equally large quantities have been obtained from the crude Ghili saltpetre, 
which always contains some of this substance; iodine is further proaucea 
from phosphorites which usually contain this element. 

The sea-weed which is either washed ashore, or directly cut and harvested 
from the water, is dried in the sun and then burnt. The ashes are technically 
known as kelp or varec and contain the jodine as Nal. The ash is lixiviated 
in definite proportions by a special method, and the salts which pass into 
solution are separated by fractional crystallization. The concentrated mother 
liquor when purified and freed from the heavier soluble salts is distilled in 
patent stills with manganese dioxide and H 2 SO 4 . Another method is to 
extract the iodine by passing Cl into the mixture. According to English Pat. 
15233 (1900) iodine is obtained by treating sea- weed at a high temperature 
with dilute H2SO4. The I can then bo separated by well-known chemical 
methods, either by lixiviation or by oxidation with NaNOg ^iUd distillation, 
'the K 2 SO 4 remaining in the solution is afterwards separated by ciy^stallization. 

Chili saltpetre contains iodine principally in the form of sodium iodate^ 
l)ut partly as sodium iodide. The iodine_from saltpetre is extracted from the 
mother liquors obtained in refining the crude saltpetre. SO 2 is passed into 
the solution thus causing the separation of the I from the sodium iodate. 
If chlorine water is added the iodides are also decomposed. The iodine settles 
as a black muddy substance, which is filtered, washed, and dried by draining 
in a porous gypsum box. The cmde iodine thus obtained which contaiins 
about 80 % of the element is then purified by distillation with steam. 

The electrolytic methods employed for the preparation of bromine are also 
applied to the extraction of iodine from liquors containing this element. The 
iodine is in fact extracted before the bromine. Compare ,,Bromine“. French 
Pat. 361499 describes the extraction of iodine with vaseline oils. The iodine 
is recovered by extraction with sodium sulphite. From the extract it is set 
free by treatment with nitrites or chlorates. See Germ. Pat. 182298. 

Iodine is purified by sublimation at the lowest possible temperature. It 
is brought on the market in small covered bottles. 

Iodine occurs as flexible, greyish-black cakes with a metallic lustre, which 
have a peculiar and disagreeable odour. It attacks the skin forming blisters 
and colours it red-brown. S. G. 4.95; M. P. 113 — 115®; B. P. 180®. One part 
of iodine dissolves in 4000 — 7000 parts of HgO. It dissolves readily in alcohol 
(Tincture of iodine) in ether, hydriodic acid, potassium jodide solution, 
benzene, potassium hydroxide, &c. 

TpT. The solubility in alcohol and in KI solution and complete voltdisation 
in air are considered proofs of the purity of jodine, but are in no way reliable 

tests. 


A quantitative determination of the J by titration with sodium thiosulphate 
or arsenious acid is a far more practical test. For carrying out the experiment 
19 g of a finely powdered average sample is dissolved in an aqueous solution 
of KI (1000 cem), and 50 cem of the solution is then titrated. Standard 
Aa.>S 203 or Aso^a solution is then added in excess and the mixture titrated 
with N/IO jo^e solution (with starch paste as indicator) until a weal^ 
blue colour appears. 


Iodine compounds. Iodides and iodates will be found separately under the 
respective metal or alkyl-compounds, e.g. ammonium iodide under “Ammonium 
COMPOUNDS*', ethyl iodide under “Ethyl compounds**, &c, 

Iodine compounds: 

Manger. Dresden, Germany. 


Bliicher, 


23 
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lodipine. A compound of iodine and sesame oil. It is sold as 10 % and 
25 % iodipine (containing 10 % and 25 % iodine respectively), an oily yello^Wsh 
or brownish liquid used instead of KI in syphilis. 

lodoacetone. CHj . CO . CHgl. Formed when I is dissolved in acetone. 
Can be used in the treatment of carbuncles. 

lodoanisol see “Isoform“. 

lodofan. CgH 3 l(OH) 2 H . COH. A condensation product of formaldehyde 
and iodoresorcine. It is an amorphous tasteless and odourless powder, of the 
colour of red sealing wax. Insoluble in water, ether, chloroform, &c. Used 
as a substitute for iodoform. It combines the properties of this latter sub- 
stance and of resorcine. 

Iodoform. CHI 3 . Obtained by warming alcohol, iodine and an alkali 
(or alkaline carbonate) : 

C 2 H 5 . OH -f 8 I + 6 KOH = 5 H 2 O 4- 5 KI + H . COOK + CHI 3 . 

In another process KI acetone and caustic soda are dissolved in water in 
the proper proportions and treated with dilute NaClO solution: 

CH 3 . CO . CH 3 + 3 KI + 3 NaClO - CHI 3 + C^HaNaO^ -f 2 NaOH + 3 KCl. 

According to Le Comte (Chem. Ztg. 1902, Repert. 278) alcohol or acetone 
may be replaced by acetylene. A white precipitate is obtained by treating 
an aqueous solution of HgClg with CgHj, the constitution of which is 
Cl . Hg . CH : CH , Cl. Iodine "and caustic soda are allowed to act on the 

S recipitate (which latter may be replaced by acetylene compounds of Ag, 
u, &c.) and CHIg is formed. 

According to Germ. Pat. 29771 CHI 3 may be obtained by the electrolysis 
of a mixture of alcohol and an aqueous solution of potassium jodide in presence 
of CO. Recently it has been obtained electrolytically from a mixture of 
aqueous KI solution and acetone ; according to the latest reports the method 
appears to be one of commercial importance. 

Yellow shining leaves or plates, greasy to the touch, with a penetrating 
disagreeable smell. S.G. 2.0; B. P.119®; volatile in steam. It is used intern- 
ally as an antiseptic, but is mainly employed for external treatment. 

Test. To estimate iodoform quantitatively 1 g of the finely powdered 
substance is heated in a 250 cem measuring flask with frequent shaking, 
on a boiling water bath for one hour with 100 cem N/10. AgNOg solution. 
The yellow substance then adhering to the sides of the flask is washed back 
into the solution with a little HgO and the whole kept gently boiling for half 
an hour on wire gauze over a small flame. After cooling the flask is filled 
to the mark, well shaken and the precipitate allowed to settle. Than 50 com 
of the clear liquid are taken off for titration, theexcess of AgNO, being determ- 
ined with N/IO NaCl solution or N/10 NH^CNS solution. If the number 
of com of N / 10 solution used is multiplied by 5 and the product subtracted 
from 100 the result is the number of cem N/10 AgNOj solution used by 
the CHI 3 . The value, multiplied by 0.013119 gives the amount of pure CHI 3 , 
contained in the quantity 01 substance examined, from which the percentage 
strength can be calculated. Good commercial samples should give at least 
99.6 % by this method. 

lodoformal. A condensation produce of iodoformin (q. v.) with ethyliodide. 
It is a heavy vellow powder, insoluble in HjO, with only a faint smell 
of iodoform; said, to be used as an antiseptic and substitute for iodoform. 

lodoformal: 

Dr. C. L. Marquart, ohem. Fabrik Beuei a. Rhein (Germany). 
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lodoformin = Hexamethylenetetramine iodoform. According to Germ. 
Pat. 87812 hexamethylenetetramine (q. v.) is rubbed with the requisite 
amount of iodoform in presence of absolute alcohol. 

A whitish powder, turning yellow on exposure to light, with a faint smell 
of iodoform, M. P. 178°, insoluble in alcohol, ether and chloroform. It is 
used in surgery as an odourless substitute for jodoform. 

lodoformin: 

Dr. C. L. Marquart, chom. Fabrik Beuel a. Rhein (Germany). 

lodolecithine see “Lecithine”. 

lodole = Tetraiodopyrrol. According to Germ. Pat. 35130 it is obtained 
by treating Pyrrol (a base contained in bone oil and animal oil) with iodic 
and hydriodic acids. 

A light yellow, tasteless, odourless powder, very sparingly soluble in H2O, 
easily in alcohol, and still more so in ether. It is used medicinally, externally as a 
substitute for iodoform, internally as a substitute for iodides of the alkali metals. 

lodophene see “Nosophene’’. 

lodopyrine = Iodine antipyrin. Obtained by the action of iodine chloride 
on antipyrine (q. v.). Colourless crystalline needles, readily soluble in hot, 
much less so in cold water. It is prescribed as an antipyretic and antineuralgic. 

lodosapene see “Sapene’*. 

lodoierpene. An ointment-like substance composed of iodine and terpine 
hydrate. Said to be a substitute for iodoform. 

lodothyrine. Iodine compound of the thyroid gland. 1 g substance contains 
0.3 mg I. 

Brownish- white powder, almost odourless, with a taste resembling that of 
milk-sugar. It is prescribed in goitre, eczema, rhachitis, &c. Dose for adults 
0.3 g 2 to 6 times a day, for children 0.3 g once to throe times a day. 

lodyline = Bismuth iodosalicylate. It is said to be used as a non-irritating, 
odourless substitute for iodoform. 


lointing material, 
lointing material: 

Paul Lochler, Stuttgart, Germany. 


lonono. C13H2Q. A cyclic ketone of the terpene series. The formula is: — 
(1^ One of the finest synthetic perfumes 

® (discovered by Tiemann). It is prepared 

C Germ. Pat. 73089 and 75120 by condensing 

acetone and citral (q. v.). Equal parts of 
2 I UJi . : CH.CO .CHg the two substances are shaken with a solution 

. CHg of Ba{OH)2 for several days and extracted 

CH with, ether. The residue after the evaporation 


of the ether is fractionally distilled under 
mm pressure. In the fraction coming over between 138° and 155° a 
etone, called pseudoionone is present. By treatment with dilute acids it is 
converted into ionone. The original method has been subjected to many 
^^nted) luodifications and improvements. E. g. the condensation may be 
pertormed without the addition of alkalies by heating the reagents in auto- 
ciaves to 175° (Germ. Pat. 113672). According to Germ. Pat. 147839 the 
co^ensin^^^^^^ ordinary temperature if sodamide be used as 
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The crude ionone is a mixture of «-ionone and /9-ionone. By treating with 
cone. H2SO4 in the cold a product consisting mainly of the /S-compound is 
obtained, whereas if cone, phosphoric acid or formic acid be used the a-ioiione 
is the chief product. (Germ. Pat. 129027 and 133663.) 

Instead of citral itself, cyclocitrals may be condensed with acetone (Germ. 
Pat. 116637) or homologues or substituted derivatives of acetone may be 
employed in the preparation of this class of violet perfumes (Germ. Pat. 
133758). 

By using a cyclocitral which consists entirely or mainly of the a-compoimd 
a product is obtained which contains scarcely anything but a-ionone (Germ. 
Pat. 139959), while a product with a high percentage of ;5-ionono is obtained 
by a process protected by Germ. Pat. 138938. This consists in boiling the 
crude pseudoionone with sodium bisulphite until after distillation in steam, 
the product of reaction has a S. G. 0.940 to 0.950. The crude ionone so 
prepared is fractionated under a pressure of 12 mm and the fraction coming 
over between 125® and 140® collected. 

Other patents, including those dealing with the preparation of alkyl deri- 
vatives of ionone, must be here omitted. 

The ionones have a finci odour of violets. They are sold as 10 % alcoholic 
solutions. 

lothione. Di-iodohydroxypropano 0311512(011). A yellowish, viscid liquid 
with a peculiar smell. S. G. (at 15®) 2.4 to 2.5. It contains about 80 % iodine. 
Almost insoluble in water, readily soluble in alcohol, ether, and fatty oils. 
When mixed with olive oil, vaseline, lanoline, &c. it forms a preparation 
containing iodine in an easily absorbable state. It is used as a substitute of 
the alkali iodides (for internal use). 

Iridescent glasses see “Glass colours'\ 

Iridium. Ir. Atomic weight = 193. Heavy metal belonging to the group 
of platinum metals (q. v.). It occurs in two allotrophic modifications, viz. 
as a compact steel -like substance, S. G. 22.42, which is very brittle when 
cold, and as iridium sponge S. G. 15.8. With the exception of osmium and 
ruthenium it is the most difficult metal to melt (M, P. 1950®). When compact 
it is not even soluble in aqua regia. Iridium alloys, such as platinum iridium 
and osmium iridium are valuable on account of their unalterable and resistant 
properties. A mixture of powdered iridium compounds and excess of NH4CI 
when heated yields Ir in a leaf-like state (Amer. Pat. 805316). 

Irldiam and Preparations: 

Johnson. Mathey & Co. Ld., Hatton Garden, London E.C. (soe advt.). 

Iridium lamps. Electric lamps in which the filaments are composed of 
pure Ir. (Germ. Pat. 145456 and 145457). 

Iris, Oil of. An ethereal oil of a violet-like odour used in perfumery and 
soap manufacture. It is obtained from Rhizoma India florentinae by distill- 
ation in steam. At the ordinary temperature it is a solid mass yellowish -white 
to yellow in colour, melting at 44 — 50® to a yellow or yellowish -brown liquid. 
About 85 % of the oil of iris is myristic acid which is quite odourless. The 
odour of violets is due to irone, a ketone of the formula CisHaoO. Acid number 
213 — 222. Saponification number 2 — 6. 

Iron. Fe. A. W. = 66.02, Iron is the most important of the heavy metaK 
It is obtained from red haematite, FegO*; brown haematite 2 FcgOs, 3 
magnetic iron FegO^; spathic iron Fe&Og. In addition to these pyrites 
(FeS2) is used, but not before the S has been removed by roasting (in 
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manufacture of sulphuric acid). From all these ores metallic iron is easily 
produced by heating with carbon; during the process iron combines with 
varying amounts of carbon, partly meclianically, partly chemically, and 
according to the amount contained the properties are modified. The nomen- 
clature of the various kinds of iron is therefore based upon the carbon contents. 

Formerly a difference was only made between cast iron and wrought iron, 
the former containing 2 — 6 % carbon, the latter 0.02 to 0.6 % C. Between 
the two comes steel, which can be tempered with 0.6 — 1.6 % carbon. Re- 
cently this classification has been modified as follows; — 

Iron 

I’ig Iron Wrought Iron 

Ingot iron Malleable iron 

Ingot Bteel Ingot malleable iron Wrought stool Wrought 

malleable iron. 

The following scheme shows the character of these different varieties. 

Easily fusible ( Containing graphite Grey oast iron 

Cannot be wrought | 

Cast iron [ Containing carbon chemically combined White C ast iron 


Obtained in 
the liquid state 
Ingot iron 


Difficult to fuse 
Can be wrought 
Wrought iron 


not obtained in 
the liquid state 
Malleable iron 


Can be tempered: — Cast Steel, Bessemer 
steel, Martin steel &c. 

Ingot iron 

Cannot be Bessemer iron 

tempered:— Martin iron 

j Can be tempered : — Malleable steel hearth 
I steel, Cementation steel, &c. 

i Cannot be Malleable iron, 

tempered: Puddle iron, <kc. 


( hemically pure iron is of scarcely any value for technical purposes. Iron 
must always contain carbon and generally silicon and manganese (phosphorus, 
sulphur, &c.). Iron with less than 2 % carbon can be wrought and is difficult 
to melt with, more than 2.8 % carbon it melts easily and cannot be wrought. 

0 or o/ less than 0.25 % C cannot be tempered, while iron with 

/q G and more can be tempered. 

As regards the effects of admixtures on the properties of iron those due to 
wi ^iven above, though in addition the following should be mentioned: 

Wnile carbon in liquid iron is merely dissolved, in the solid iron wo have to 

1 IS mguish between chemically bound (or better alloyed) carbon and that 
w iich IS only mixed mechanically with the iron. The latter is in the crystalline 

a e, ma is therefore caUed graphite or graphitic carbon, while the carbon 
combmation with the iron is called amorphous carbon. If iron saturated 
iron^- ” is caused to solidify rapidly by cooling, the product is white cast 
iron b* L separate, but remains combined with the 

mufi"^^^^ L * • retains its white colour. If on the other hand iron containing 
form' ^^rbon IS slowly cooled part of the carbon separates in the graphitic 
iron; the presence of the particles of graphite cause the 
colour to change from grey to black. 

If ' plays an important part in iron though less so than carbon, 

of thp^P present in too small quantity Si causes the separation 

Thp form and hi general reduces the total carbon content, 

as* it nr ^anganese in iron is almost the reverse of that of Si, in so far 

separation of graphitic carbon. When Si and Mn are both 
other ^ certam proportions the effects due to them may cancel each 
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Phosphorus increases the property of being cast; it renders iron more 
fusible and less viscid when fused. P must therefore only occur in wrought 
iron in very small quantities, as otherwise the properties of the latter are 
changed in an unfavourable manner. 

Almost as injurious are the effects of sulphur; it removes the carbon and 
if present in sufficient amount renders iron useless. 

Of other impurities tin may be mentioned ; a few tenths percent completely 
spoils wrought iron. 

As remarked above, chemically pure iron is worthless for practical purposes. 
It is, moreover, scarcely possible to prepare it. Approximately pure iron is 
obtained by the reduction of ferric oxide, ferrous oxalate and ferrous chloride 
in a current of hydrogen. When pure it is almost silver-white, shining, hard, 
tough, and capable of taking a high polish. S. G. 7.84; M. P. of pure iron 
over 1800® iron expands on heating. See also Iron, ingot and steel. 

Iron alloys. As pointed out in the article on Iron all kinds of iron (and 
steel) alloys used for industrial purposes are compounds of the element 
with carbon. In the present article the substances regarded as “Iron 
alloys” proper will be treated. 

1. Aluminium iron .(Ferro aluminium) and Aluminium steel. Aluminium 
iron is either produced directly in electric furnaces by Heboult’s process 
(see “Aluminium”) or by alloying metallic aluminium with melted iron. 
Aluminium like Si causes the lowering of the C content of carbon. Ferro- 
aluminium is very hard and brittle. It is used for refining iron, and also as a 
permanent ingredient for increasing the strength, hardness and toughness of 
iron. 

2. CuPRo-STEEL. Copper has been alloyed with steel up to 4 %. The 
product may -be shaped warm as well as cold and is occasionally used for 
printing rollers, projectiles, &c. 

3. Febrochrome (chrome iron) and Chrome steel. Ferrochromc is 
produced by smelting chrome iron ore with carbon and suitable additions, 
it is added to steel in the crucible process in order to obtain chrome steel. 
Chromium considerably raises the hardness of steel, so that tools made of 
chrome-steel are used for working very hard material. In the United States 
ferrochrome is made directly from the ore in electric furnaces. Ferrochrome 
contains 62 — 68 % Cr, rarely more. Chrome steel varies, containing from 
2.5 to 6 % Cr and 0.8 — 2 % C. In consequence of its extreme hardness chrona* 
steel is increasing in importance for the manufacture of projectiles. 

4. Ferromanganese (Manganese iron). Alloy of Fe and Mn with very 
varying contents of Mn between 30 and 80 %) . It is prepared in blast furnaces 
and is used for purifying ingot iron. 

Another method appears to be becoming more important in certain places : 
According to the Engl. Pat. 17190 (1900) manganese oxide is dissolved in 
molten fluor spar in electric furnaces and the melt electrolysed while manganese 
oxides and carbon are added continuously. The electrolysis is carried out 
at a temperature slightly above the M. P. of ferro- manganese, so that very 
small losses of fluorine compounds occur through volatilization. 

According to Germ. Pat. 147311 a manganese ore containing MngOs 
and FcgOg is melted with a sulphide of the alkalies or alkaline earths (in pre- 
sence of C a sulphate may be substituted) and the melt reduced in a her- 
metically sealed electric furnace, not more carbon being added than is necessary 
for the reduction of Mn and Fe. The result is ferro-manganese ; the oxide 
of the alkali or alkaline earth metal may be extracted from the melt by 
hot HjjO. 

6. Ferromolybdbnum and Molybdenum steel. Ferromolybdenum is 
produced by reduction of the ore in electric furnaces; Molybdenum steel is 
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used for large cranks, transmitters, boiler plates &c. The influence of Mo 
on steel is very similar to that of W, but less Mo is required to give the same 
results. 

Ferro-Molybdenuiii i 

Chemische Fabrik in Fiirth O. m. b. H., Furth, Germany. 

6. Ferrosilicon. An alloy of iron and silicon with but little carbon. 
It is used like ferromanganese for purifying ingot iron and also in casting 
works to make iron containing little silicon suitable for casting. According to 
Kroupa ferrosilicon is made by melting 1000 parts iron scale with 410 parts 
quartz and 398 parts coke in electric furnaces; the power required is 6000 K. W. 
hours per ton, and the product contains 77.5 % Fc and 21.5 % Si. In experi- 
ments for the manufacture of ferrosilicon from Martin slag (1680 kg) and 
coke (600 kg) 5380 K. W. hours per ton were required. The ferrosilicon 
contained 23.8 % Si. 

According to the Amer. Pat. 172925 ferrosilicon and silicon spiegeleisen arc 
()l)tained from Bessemer- and Martin furnace slag, by powdering the slag 
and heating in electric furnaces with an addition of carbon (in the ratio of 
1 rnol. C to 1 mol. 0). The silicates and oxides are reduced, and metallic 
silicides formed. 

Another new process (Germ. Pat. 143506) has for its object the simultaneous 
production of ferrosilicon and of the oxides of the alkalies and alkaline earths. 
Allvali sulphate or alkaline earth sulphate is treated with SiOg in such a way 
tliat the corresponding silicate is formed. The latter together with a definite 
amount of carbon, ferric oxide or metallic iron is heated in a hermetically 
closed electric furnace. The product contains ferrosilicon in addition to 
alkali oxide or alkaline earth oxide ; the latter is obtained as a slag or, if volatile 
at the temperature of the reaction, as a sublimate. 

7. Ferrotitanium. Generally prepared by the alumino thermic method 
(see “Thermite”) from titanic iron ore. According to Goldschmidt about 
83 to 84 parts aluminium are required to reduce 100 parts iron oxide and 
JOO parts titanic acid. As the aluminium jmwder necessary for this process is 
much more expensive than block aluminium, according to Rossi an ordinary 
Siemens’ electric furnace is used. Aluminium and iron borings are brought 
into the crucible and when the whole is melted finely-ground titanic iron ore 
IS introduced between electrode and crucible wall. When molten the ferro- 
titanium alloy is sharply separated from the alumina slag. 

Recently, however, ferrotitanium has been produced from the ores by 
reduction in electric resistance furnaces (without crucible). 

8. Ferrovanadium and Vanadium steel. These new alloys have only 
lately been produced on a large scale. A peculiar property of vanadium steel 
is that it does not attain its greatest hardness by sudden cooling but by keeping 
It at 700 — 800 for some time (see “Vanadium”). 

9. Manganese steel. A small addition of manganese to steel increases 
Its hardness and toughness. Manganese steel is used for waggon wheels, 
armour plates, &c. It the content of manganese exceeds 2.5 % the hardness 
incref^es; beyond 6 %, it decreases while strength and elasticity increase, 
reaching a maximum with 14 % Mn. More than 20 % manganese has a very 
oeleterious influence on steel. 

A special method of preparing manganese steel is protected by the Engl. 
1 at. 25794 (1903), and a method of rendering manganese steel tough by the 
Germ. Pat. 155810. 

. Nickel iron (Ferronickel). An alloy of Fe and Ni, produced by melting 
together the constituents, used in the manufacture of nickel steel (see below), 
Q steel. One of the most important iron alloys, containing as 
a rule 3 6 % nickel. It is considerably stronger than steel without being less 
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elastic. In addition, nickel steel is very indifferent to chemical influences. 
In Europe it is generally prepared by melting iron and nickel together. The pro- 
duct obtained by this method is, however, only satisfactory if the nickel used 
is exceedingly pure. Nickel steel is used for armour plates, ship's screws 
boiler-plates, cable wires, gun barrels, &c. 

Krtjpp’s armour plate steel contains approximately 3.6 % Ni, 1.5 % Or 
and 0.25 % G. 

The Germ. Pat. 154689 protects the preparation of a nickel steel containing 
tungsten which metal is said to render the material fibrous and to prevent 
it from becoming crystalline by sudden cooling from a high temperature 
or by other marked influences. 

12. Phosphor steel. According to the Germ. Pat. 146205 an alloy con- 
taining about 68 % Mn, 25 % P, 5 % C, and 2 % impurities is prepared. 
Manganese ores containing much phosphorus are melted with C and a flux 
in a blast furnaces, or electric furnace. If insufficient P is present in the 
ores calcium phosphate, apatite or other phosphorus compounds are added. 
This alloy when mixed with ingot iron yields phosphorus steel, an alloy 
which appears to be gaining considerably in industrial importance. 

13. Tungsten iron and Tungsten steel. Tungsten iron is obtained by 
smelting wolframite (iron manganese tungstate) with carbon and iron. At 
present, however, ferro-tungsten is obtained chiefly by reduction in electric 
furnaces. The amount of W varies between 70 and 85 %. Tungsten steel 
is obtained by adding the corresponding amount of tungsten to the steel in 
the crucible process. The amount of W steel varies between 3 and 25 %, 
though it generally lies between 6 and 8 %. W affects the properties of steel 
similarly fi) Cr, though in a lesser degree. A curious property of tungsten 
steel is that of hardening of its own accord in the air, without immersion in 
oil, water, &c. It also retains its hardness and cutting power at very high 
temperatures. It is ah extremely suitable material for magnets, compass 
needles, &c., as it retains magnetism very effectively and for a long time. 

Iron colours see also “Mineral colours”. 

1. Berlin blue. The common insoluble Berlin blue is also^called Prussian 
blue, Paris blue, Hamburg blue, Erlangen blue. New blue and Oil blue. Three 
shades of Berlin blue are generally manufactured, viz. ultramarine, secondly 
a blue with a deep indigo tone and finally a deep, slightly reddisli 
blue. 

Berlin blue is ferric ferrocyanide Fe4[Fe(CN)j]3. It is obtained as a deep 
blue precipitate by adding a solution of potassium ferrocyanide to a solution 
of a ferric salt. There must bo an excess of ferric salt in order to produce 
the usual insoluble Berlin blue. According to the shade required the process 
varies; the precipitation, however, is always carried out at boiling heat. The 
ferric salt is not precipitated directly, but a solution of ferrous salt (FeS04 
or FegCl) iron vitriol or iron chlorine) is used. On adding K4FeCgN6 a 
white precipitate is formed which is converted into Berlin blue by oxidation 
after being separated from the solution. As oxidizing agents HNOg, KClOg or 
ferric sulphate are used. 

Very rarely (e. g. for preparing blue inks) soluble Prussian blue is used. 
It results when the ferrocyanide is present in excess during the precipitation. 
If the precipitate obtained under these conditions is washed, it remains in- 
soluble so long as there are any salts adhering to it ; as soon as these are com- 
pletely washed out the precipitate begins to dissolve. Soluble Prussian blue 
may be obtained from insoluble Prussian blue by treating the latter with 
concentrated H3SO4, washing, drying, and dissolving in oxalic acid. The 
following proportions of the ingredients are recommended as effective: 8 parts 
Prussian blue, 1 part oxalic acid, and 266 parts water. 
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It should be noticed that commercially pure Berlin blue is called Paris blue, 
while the lighter shades, obtained by adding white substances (such as plaster 
of Paris clay, heavy spar, kaolin, starch, &c.) are called Prussian blue (Berlin 

^^^Lently Prussian blue has been produced electrolytically. The method is 
essentially^ the same as above described, i. e. a ferrous salt is precipitated 
with yellow prussiate while the oxidation is effected in the anode compartment 
of an electrolytic cell. Different shades may be produced by varying the 


According to the Engl. Pat. 4513 (1903) a saturated solution of potassium 
ferrocyanide with a small excess of H0SO4 is heated with steam under slightly 
reduced pressure, the residue is boiled with a solution of a suitable ferric salt 
in presence of free acid and the Berlin blue thus obtained is filtered from the 
dissolved ferrous salt. The latter can be used for converting a fresh amount 
of product into Berlin blue (by blowing in air). 

Prussian blue is also produced on the fibre. The cotton is prepared with 
sodium stannate, passed through H2SO4, and then treated alternately with 
solutions of an iron salt and K4Ee(CN)e. 

2. Turnbull’s blue. It is obtained by the action of ferricyanide (red 
prussiate) on a solution of ferrous salt; its constitution is Fe3[Fe4(CN)8]9. 
The ferrous salt must be present in excess if an insoluble blue is desired. 
Tumbuirs blue is considerably dearer than Berlin and Paris blue, on account 
of the high price of red prussiate. 

3. Caput mortuum (Colcothar, English red, angel red, chemical red, 
Pompeian red, Berlin red, India red, iron minium, &c.). It is the red residue 
found in the distilling vessels used in the manufacture of fuming sulphuric 
acid (q. v.). It consists chiefly of iron oxide mixed with basic ferric sulphate. 
Formerly caput mortuum was only sold as a cheap red paint, but later very 
fine and high-priced colours of various shades were produced. Crude caput 
mortuum is heated to redness for several hours in clay pipes with about 6 % 
common salt and the product allowed to cool gradually in absence of air. 
By observing certain experimental conditions and various temperatures, 
all shades between pure iron red and deep violet may be obtained. 

According to Germ. Pat. 143517 valuable iron colours are produced by 
treating substances like nitrobenzene, nitrotoluene, oxy-azo- benzene, nitro- 
or di-nitrophenols, -cresols and -naphthols, nitroso- phenols, nitroso-cresols 
or nitroso -naphthols, nitro -naphthalenes, di-nitro-naphthalenes, &c. with an 
excess of an aqueous solution of ferrous sulphate and cast steel or iron filings 
and heating. The mixture of basic iron sulphates obtained and the product of 
reaction is collected in a filter press and heated to 180 — 250® in a closed 
furnace. As soon as the product is dry, the colours thus obtained are oxidized 
by heat, iron peroxide is formed as a very fine powder, the colour of which 
varies from red-brown to dark-brown according to the amount of iron salt 
used in the reduction. The iron sulphate found in the filtrate can be used 
again in the process. 

According to the Engl. Pat. 16338 (1903) waste liquors containing ferrous 
salts are oxidized by air and steam, yellow basic iron oxide precipitated and 
heated to redness so as to produce shades of red FeoOa. Scarcely different 
from this is the process of the Amer. Pat. 739444 and 758687. 

4. SiDBRiNB YELLOW (Ferrio chromate). Fe2(Cr04)3. It is obtained as 
an intensely yellow precipitate by adding a perfectly neutral solution of 
f'egClj to a hot concentrated solution of K2Cr.207. It is used for water 
colours and oil paints. Mixed with water glass it is used as a paint. 

Other iron chromate colours are obtained (Germ. Pat. 140135) by the 
action of iron compounds on chromates in alkaline solution. Double salts 
are thus obtained analogous to basic iron alums. By mixing the yellow 
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shades obtained with other blue shades green colours may be produced ad 
libitum. The Germ. Pat. 146851 protects the manufacture of green colours 
by mixing yellow iron-chromium colours obtained as above with Paris blue, 
ultramarine and other blue colours. 

Iron compounds. 

1. Ferric acetate (see “Iron mordants”). Pure iron acetate is obtained 
by dissolving freshly precipitated iron hydroxide in 30 % acetic acid. Tlie 
neutral salt Fe(C2H302)2 + 2 HgO is easily changed to a basic salt 
Fe(C2H302)4 . (0H)2. 

2. Iron alum. Either potassium ferric sulphate (Potassium-iron-aluni); 
K2Fe2(S04)4 -f 24 HgO or ammonium ferric sulphate (iron-ammonia-alum) 
(NH4)2Fe2( 804)4 4- 24 HgO. It is prepared from green vitriol by mixin^r 
an aqueous solution with H2SO4. The solution is then oxidized to ferric 
sulphate by heat and mixed with a solution of potassium sulphate (or amiun- 
nium sulphate) in the proper proportions. The solution is allowed to crystallize 
when the alum separates in the form of pale violet crystals. It is used in 
dyeing, medicine, and in chemical analysis. 

3. Ferrous bromide see “Bromine compounds”. 

4. Ferrous chloride. FeClg. Obtained anhydrous by passing Cl or 
better still HCl over red hot iron filings. In aqueous solution it is obtained 
by dissolving Fe in HCl. If the solution obtained is evaporated in absences of 
air transparent blue-green hygroscopic crystals of the formula FeC^ + 4 HjO 
are obtained. In re-crystallizing with HC!)! the salt is obtained with only 
2 mol. water of crystallization. 

5. Ferric chloride. Fe2Cle. Generally obtained by oxidation of FeCLj 
with HNO3 or Cl gas, less frequently by passing Cl into water containing iron 
turnings. The solution obtained by cither method is evaporated and crystallized. 
It crystallizes in various ways either in clusters composed of small radiating 
yellow deliquescent crystals with 12 HgO or in large reddish-brown crystals 
with 5 HgO. It is sold cither in the former state or as a concentrated solution. 
It is chiefly used for the chlorination of copper and silver ores, as an oxidizing 
agent and mordant in the textile industries, for purifying sewage, and in 
medicine for stopping bleeding. 

Test. The contents of iron chloride solutions are determined by the S. G. 
(the following tables of Franz are used: the temperature assumed through- 
out is 17.50 C). 


S. G. 1.0146 

1.0292 

1.0439 

1.0587 

1.0734 

1.0894 

1.1054 

FegCl* % 2 

4 

6 

8 

10 

12 

14 

S. G. 1.1215 

1.1378 

1.1542 

1.1746 

1.1950 

1.2155 

1.23656 

Fega, % 16 

18 

20 

22 

24 

26 

28 

S.G. 1.2568 

1.2778 

1.2888 

1.3199 

13.411 

1.3622 

1.3870 

FcgClg % 30 

S. G. 1.4118 

32 

34 

36 

38 

40 

42 

1.4367 

1.4617 

1.4867 

1.5153 

1.5439 

1.5729 

FegQg % 44 

46 

S. G. 

48 

1.6023 

50 

1.6317 

52 

54 

56 

FcjCl, % 

58 

60 





Pure FcgClg should dissolve completely in water. The absence of FeCl.^ 
is proved by testing with potassium ferricyanide solution which should not 
give a blue colour. The filtrate from the precipitate obtained with NH3 by 
boiling should not be blue (Cu) and should give no precipitate when mixed 
with ammonium sulphide (Cu, Zn, Mn). Free HCl is recognized by the form- 
ation of NH4CI fumes when a glass rod moistened with NHg is brought near 
the slightly warmed concentrated solution. Free chlorine as well as nitnc 
acid in theFe2Cl3 solution turns moist zinc iodide -starch paper when it is held 
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close to the surface of the warmed solution. The Fe contained is determined 
precisely by titration with stannous chloride solution. If FeClg is also present 
it is oxidised in a second experiment with KCIO3, Cl removed by boiling 
and the titration repeated. The iron in form of FeClg present is then found 
by the difference between the two determinations. 

6. Iron (Ferric) chromate, Fe2(Cr04)3, see “Iron colours’^ No. 4 Siderin 
yellow. 

7. Ferric nitrate. Obtained by mixing metallic iron with heated HNO3 
S. G. 1 . 185 , evaporating the brown solution obtained and crystallizing. 
Colourless, hygrosccmic crystals, soluble in water giving a brown colour, 
corresponding according to the concentration of the solution to the formulae 
Fe2(N03)e -f- 12 H2O or Fe2(N03)3 -f 1 ^ H2O. When the solution is boiled a 
basic salt separates. Iron nitrate is used as a mordant (see “Iron mordants”). 

8. Ferrous oxalate. FeC204. Obtained by precipitating ammonium 
oxalate solution (or a solution of oxalic acid neutralized with NH3) by a 
solution of ferrous sulphate. It forms a crystalline lemon-coloured precipitate. 
It is chiefly used for medical purposes. 

9. Iron oxides. Ferric oxide, FcgOj, occurs naturally as red haematite ; 
it is obtained artificially as a red brown powder by heating ferric hydroxide 
or FeS04 ip a,ir (caput mortuum); see “Iron colours”. Ferric hydroxide, 
be2{0H)fl, is obtained by precipitating solutions of ferric salts by NH3. It 
appears in red brown flanes which pass into a less hydrated form by 
boiling in water or drying at a higher temperature; this hydrate is only partly 
soluble in dilute acids. Freshly precipitated ferric hydroxide dissolves in a 
solution of ferric chloride with a red brown colour forming ferric oxychloride. 
If this solution is subjected to dialysis, the residue is a water-soluble ferric 
hydroxide (Liquor ferri dialysati), a dark red liquid, used as is the oxychloride 
for medical purposes. — Common rust is also a hydroxide of iron (see “Rust 
preventives”). 


1 ERRosoFERRic OXIDE, Fe3()4(Fe203 4 - FeO), occurs naturally as magnetic 
iron ore. It is formed when Fe is heated in excess of O and also when COo or 
steam is passed over red hot Fe. Various patents deal with its production 
from the iron mordant liquors by neutralizing, oxidizing, and precipitating; 
It IS said to be used as a colour. 8ce also Germ. Pat. 182221 . 

A still higher form of oxidation is ferric acid which does not occur in the 
Cne of its salts is potassium -ferrate K2Fe04. 

• M sulphate. Fe2(S04)3. Obtained cither by dissolving FcgOg 

H -r according to the method mentioned under “Iron mordants”. 
r>y boiling the solution basic salts, insoluble in water, are produced. The 
neutral sulphate is dark brown but when anhydrous is white. It is used as 
^ ^ dy®ing, for disinfection and water purification. 

11. Ferrous sulphate (Iron vitriol, green vitriol). FeS04. Produced 
nf + ^^omiroi^y rites by allowing it to oxidize in the air with frequent additions 

^oS04 and free H2SO4 are formed and the solution passes into a 
XI f containing iron filings, &c., which combine with the H2SO4 and reduce 
nnfi sulphate formed to ferrous sulphate. Fe is added to the solution 
siilnK y ^hole evaporated, separated from the yellow sediment (basic ferric 
Ti fa 1 ^ then evaporated further until crystallization ensues. 

also obtamed as a by-product in the manufacture of alum, 
anbvrf^ crystallized with 7 HgO it forms bluish-green crystals, while in the 
wifL sts-te it is a white powder. The crystals decompose in the air 
lOQo.^f • . l^Ppa-rts HgO dissolve 60 parts at 10 ® C and 333 parts at 
V? “^soluble in alcohol. It is used in dye works, in manufacturing ink, 
^erhn blue, aa a disinfectant, &c,, &c. 

solnHy^* of Fe is best determined by titration of the dilute 

n acidified with H2SO4 with KMn04-8olution. The following table by 
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Gerlach holds for pure aqueous"^solutions at 15° C, giving the amount of 
FeS04 -f 7 HgO in weights percent. 

S. G. 1.005 1.010 1.016 1.021 1.027 1.054 1.082 1.112 1.143 
Weigh % 1 2 3 4 5 10 15 20 25 

S. G. 1.174 1.206 1.239 
Weigh % 30 35 40 

FcgOs is recognized in solution by adding a little HCl and testing witli 
K4Fe(CN)g orKONS solution. The presence ofCu is determined by precipitat- 
ing tlie hydrochloric acid solution oxidized by HNOg with NHg at boilinu 
point. After the Fe2(OH)g is filtered off a bluish colour indicates the presence 
of copper. Small amounts are more certainly recognized by rendering th ■ 
ammoniacal filtrate slightly acid with HCl and adding a few drops of K^FefCN)^ 
solution which produces a red brown precipitation or cloud if copper is present. 
If the green vitriol contains copper a dilute solution of 1 — 2 g substance is 
prepared, hydrochloric acid added, H2S passed through, the whole warmed, 
the CuS filtered off, the ferrous salt oxidized in the filtrate &c. and the 
precipitated by adding sodium acetate and boiling ; Zn in the filtrate is detected 
by a white precipitate (ZnS) on passing H^S through the solution. Should 
a black precipitate of NiS occur, it should be examined for ZnS. Mn is vei) 
frequently present in green vitriol; it is detected by the brown precipitate 
formed when the filtrate from the basic ferric acetate is heated with caustic 
soda and bromine water. For many of the uses to which ferrous sulphate 
is put the presence of aluminium is objectionable. The iron precipitate is 
treated with hot caustic soda lye (pure NaOH prepared from metallic Na 
and water) in a platinum dish, the mixture diluted and filtered. The filtrate 
is neutralized with aceticacidand brought to boiling whcnAlgiOH)^, if present, 
will be precipitated. 

12. Iron sulphides. Ferrous sulphide. PcS. Obtained by melting to 
gether 3 parts iron filings and 2 parts sulphur in a covered crucible. Yellow- 
brown crystalline, metallic -looking substance; S. G. 4.7. It is decomposed 
in the cold by dilute HCl or H2SO4 giving off HgS. It is precipitated from 
iron salts by alkaline sulphides in a hydrated amorphous form. 

Iron sesqui-sulphide FegSg is formed by gently heating the monosulphidt' 
with S, or by the action of Hg^ ^^2^3 below 100° C. 

Iron di-sulphide FeSg is found naturally as lustrous brassy-yellow crystals 
called pyrites. It is a very important mineral and is used in making SOo, 
for the preparation of H 2 SO 4 , FeS 04 &c., &c. 

FeS is used in the preparation of HgS. 

13. Iron vitriol see No. 11. 

14. Potassium ferrocyanide (yellow prussiate of potash). K4Fe(CN)fl. 
The following was the old method of manufacture. Potash was melted and 
dried animal nitrogenous substances (horn, blood, skin, hair, feathers, hoofs, 
bristles, leather waste, &c.) and iron filings or turnings mixed with the red 
hot melt. Potassium cyanide KCN and iron potassium sulphide Fe^Sg . SK^ 
are formed which are converted into potassium ferrocyanide when the cooled 
melt is extracted with HgO. The solution obtained is evaporated and the salt 
purified by re -crystallization. 

At present the raw material used is the residue from gas purifieation which 
contains ferrocyanogen. The substance is washed free of soluble salts with 
HjO and when air -dry intimately mixed with powdered quick lime and heated 
to 40 — 100°C in closed stirring vessels fitted with stirring apparatus, 

NIH stm remaining is distilled off. By extraction with water a strong solution 
of Ca2Fe(CN)8 is obtained which is evaporated and mixed with the calculated 
amount of KCl: 

CaaFe(CN)e -f 2 Ka = CaK2Fe(CN)g -f CaCl*. 
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The double salt which separates is filtered off, washed and converted into 
1\ FeC N by boiling with a solution of potash. 

\ astlv Bueb*s method of utilizing molasses residue may be mentioned. 
The miss is heated in absence of air until gases are evolved. These are then 
fiiither heated to the temperature required for the formation of cyanogen; 
tliov arc then cooled, freed from NH3, and the cyanogen absorbed by potash 
oTitaininff iron. When evaporated K^FelCN)* separates from the solution; 
a by-product is (NH4)2S04. Other methods with be found under No. 16 
“Sodium ferrocyanide”. 

Lemon coloured non-poisonous crystals, of a bitter-sweet, salty taste con- 
taining^ 3 mol. HgO. It dissolves in 4 parts cold, in 2 parts boiling water; 
insoluble in alcohol. It is used in making colours (see “Iron colours ), in 
explosive works, and in analytical chemistry. 

Ferrocyanide of Potassium; 

Willy Manger. Dresden, Germany. 

15. Potassium FERRIC YANiDE (rod prussiatc of potash). K^Fe^CNlg. l^r- 

mcrly obtained by passing Cl into a strong aqueous solution of K4Fe(CN). 
or over the dry substance. It is probably now obtained by electrolytical 
methods only; by simple electrolysis of a solution of K4Fe(CN)6 the latter is 
converted (by the action of the anode oxygen) into ferricyanidc. It is 
obtained in perfectly pure crystals by evaporation of the electrolytical solution. 

Dark red crystals crystallizing without water, dissolving in 3 parts water 
at 4.40 and 1.3 parts water at lOO^C; insoluble in alcohol. It is poisonous. 
It is used in the colour industry, in dyeing, calico printing, and in analytical 

chemistry. • • -i i. 4.1 *. 

10 Sodium ferrocyanide. The process of manufacture is similar to that 
usod'in the case of K,Fo(CN)„ but the followinf; may also be mentioned. 

According to the Engl. Pat. 26566 (1902) and 20069 (190:() a ferric salt 
is precipitated with NH3, the slimy precipitate mixed with NagCO.., and 
the mixture brought into a gas washer into which gases containing cyanogen 
are jiassed. The mud is then heated in retorts to remove NH^ and free 
ammonium salts, and the sodium cyanide is dissolved in H2O and separated 
by filtration from insoluble substances. For further details reference must be 
made to the patent. 

The Germ. Pat. 155806 obtains sodium ferrocyanide from calcium ferro- 
cyanide. A solution of the latter is mixed with NaCl and the resulting sodium 
ferrocyanide separated from the solution ((joncentrated if necessary) by 
crystallization. The process has been previously described by Lassar-Cohn 
For modifications see Germ. Pat. 155806 and Suppl. Pat. 169292. 

Sodium ferroeyanide crystallizes with 10 H2O; it is readily soluble in water 
and is much used in place of the potassium salt. 

Iron Compounds: 

Willy Manger, Dresden, Germany. 


Iron glazing see “Enamel"’. 

Iron leather see “Mineral tanning”. 


Iron mordants. Many iron salts are used as mordants in the textile in- 
dustries, the most important being the following: 

1. Iron acetate (Iron liquor, pyrolignate of iron). Obtamed as a thick, 
greenish-black liquor with a tar-liko smell by the action of crude pyroligneous 
acid on iron dust &c. It is used in this form. The tarry substances of the 
crude pyroligneous acid prevent the ferrous acetate from being oxidized to 
Oxide. It is very largely used in calico printing. 
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2. Iron nitrate. Obtained by dissolving iron filings, turnings, &c. in 
HNO3. Not very frequently used. It is used in cotton dyeing to produce 
rust colours. 

3 . Ferrous sulphate (Copperas, green vitriol). For its preparation see 
“Iron compounds”. It is chiefly used in dyeing blacks on wool. 

4 . Ferric sulphate. Obtained by the oxidation of FeS04 solution — 
mixed with H2SO4 — by means of HNO3; according to the amount of HgSO^ 
added neutral or basic salts are formed. It is used for dyeing black on cotton. 

Iron varnishes (lacs) see “Asphalt lacs”. 

Iron, elimination ol. Water containing iron must have this impurity 
removed for domestic and various industrial purposes. 

To do this the water is well oxidized e. g. by letting it trickle over heaps 
of coke through towers filled with plates, &c. The iron dissolved as bi-carbonate 
is then converted into insoluble FeCOg or Fe2(OH)g. After this simple filtra- 
tion is all that is necessary. 

Further details will be found in the article on “Water purification and 
Filtering”. 

Iron, ingot. Ingot iron is malleable iron prepared in the liquid form, (see 
“Iron” and “Welding”) while wrought iron is prepared in the non-liquid 
form. 

Ingot iron (which includes ingot steel and ingot malleable iron) may be 
produced 1. by simply melting steel or wrought iron, 2. by 7i elting a mixture 
of cast iron and wrought iron, and 3 . by melting and oxid zing cast iron. 

As these three methods of production are, in practice, not sharply marked 
off from one another the manufacture of ingot iron is better considered under 
three headings: — Crucible process, Hearth furnace process, and Con- 
verter PROCESS. 

a) Crucible processes. 

Steel is remelted in crucibles, the air being carefully excluded. When the 
percentage of carbon is to be altered, either very pure raw iron or very pure 
ingot iron may be added. Charcoal is added, or sometimes graphite crucibles 
are used, in which case carbon is taken up from the crucible itself. 
Fire clay crucibles are also used. When a high degree of hardness is re- 
quired, manganese, chromium, nickel, &c. are added. Ferromanganese is 
used for deoxidizing ferrosilicon and for removing gases. Pyrolusite, lime, glass 
powder and crucible fragments are added to assist the formation of slag. 
The process is seldom carried out with coke-firing as gas furnaces arc 
generally used. 

Crucible ingot steel, when the process is properly conducted, is of excellent 
quality; the cost of production is, however, high, so that this process is only 
employed when the articles for which it is to be used, will bear high prices 
(hard steel tools, gun barrels, armour plates, &c.). 

Those methods employing electric steel-furnaces on the induction principle, 
e. g. Kjellin’s furnace, may be described as crucible process. (See “Steel”.) 

b) Open hearth processes. 

The principle of the method is that a mixture of different kinds of iron 
containing varying amounts of carbon (cast iron and wrought iron) are melted 
together. The percentage of C can thus be varied within wide limits. As, however, 
the process is carried out in large reverberatory furnaces, a partial refining, 
due to the melting and oxidizing takes place, i. e. the amount of carbon is 
diminished. See Wrought iron. This so-called Martin process has spread 
very considerably since the invention of Siemens* method of heating by 
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and is therefore as generally carried out usually called the Siemens-Martin 
process. 

The Martin furnace is reverberatory, in shape like a basin, made of iron 
plates covered with clay and lined with fireproof sand. Since this lining 
(fettling) is rich in silica it is impossible for the phosphorus to be removed in 
the slag, and its presence in the iron is objectionable. For this reason the 
process was limiteato the case of iron ores poor in phosphorus and it only became 
generally applicable when S. G. Thomas in 1878 introduced a basic lining of 
lime and magnesia. 

A mixture of cast iron and scrap wrought iron is used with additions of 
ferromanganese, ferrosilicon, spiegeleisen, and (in the basic process) limestone 
or quick lime are also added to form slags, i. e. to combine with the phosphoric 
acid. 

A disadvantage of the Martin process compared with the converter process 
mentioned below, is that it can not be conducted, like the latter, without 
the expenditure of fuel; on the contrary, very considerable quantities of 
gaseous fuel are required. On the other hand not all kinds of ores can be 
used in the converter process, and continuous working is out of the question. 
Further the Martin process is dependent on the scrap-iron market as it can 
only be carried on where there is a sufficient supply of scrap. 

In order to enable the Martin process to compete with the converter 
process the former has been subjected to various alterations, with a view 1. of 
rendering it independent of scrap-iron, and 2. to make the work continuous. 

As has been stated the original Martin process consisted of melting together 
cast-iron and wrought iron so as to obtain a metal with a moderate percentage 
of carbon ; later the aim was to remove all carbon and phosphorus in Martin 
furnaces and to re-introduce the requisite amount of carbon afterwards. 

The more important the Martin process became the more difficult it 
became to obtain the necessary quantities of wrought iron in the form of scrap. 
Consequently the actual Martin process has gradually been replaced by a 
modification due to Wilhelm Siemens. Siemens' method is to add to the 
molten iron the oxygen necessary for oxidizing the impurities in the form of 
iron ores (as pure as possible). 

These so-called indirect methods, in which oxidation of the raw material is 
due to the oxygen present in the ores, differ radically from the direct 
methods, in which the cast iron is directly oxidized by atmospheric air. 

The Duplex process is one of the most important direct methods. The 
cast iron is placed in a Bessemer converter (see below, under c), refined by 
oxidation and the product then removed to the Martin furnace where it is 
finished. 

A second process of the kind is that known as theDAELEN-PscHOLKA process. 
Ilcre the “blowing" does not take place in converters but in circular pans 
placed close to furnace. Air is blown into the molten cast iron, and the further 
treatment carried out in the Martin furnace. 

A third direct method is that of Kernshaw. The iron on leaving the 
furnace runs down an inclined gutter, air being forced into the molten sub- 
stance during its passage. The iron thus refined is in this case also further 
treated in the Martin furnaces. 

in the indirect methods generally known as the ore processes, preliminary 
rcfimng cannot be attained without fuel, since the oxygen of the ore can only 
be made available at the expense of considerable quantities of heat. 

A^or the ore process, too, various modifications have been introduced, 

g- m the so-caued Monbll process lime and iron ores are heated in Martin 
urnaces and molten cast iron then introduced. Particularly important, 

. bwever, are the continuous reverberatory processes in which the oxidation 
^ effected by the addition of ores. There are three types of this. 
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In the Bertrand -Thiel process, two reverberatory furnaces are uskI 
In the first only a little ore is added to the cast iron, not quite enough to 
remove impurities ; cast iron thus remains in excess. The metal is then draw n 
into the second furnace where it acts on fresh ore, and here complete purificat- 
ion and reduction take place. 

The second process of this kind is that due to Talbot in which a tilt funiace 
is used. First scrap iron is melted, ore and lime (to remove the phosphorus) 
added, and then liquid cast iron introduced. The whole is then heated, the 
slag taken off by tilting and finally % of the contents is tilted into })an 3 
where the reducing and re -carbonising are effected by adding ferromangaiK se 
and anthracite. The part tilted out is replaced by corresponding amounts of 
ore and oast iron which is melted, and again tilted out &c., &c. Talhot 
furnaces need to be emptied completely only once a week. 

The third method is the Haentke process. It is very similar to the Talbot 
process, but works with a fixed furnace. There are three outlets in the side 
of the furnace at different heights so that the slag, or that part of the iron 
which is to be refined can be let out, or thirdly (through the lowest openin^^) 
the whole furnace can be emptied. 

c) Converter processes. 

These methods of producing ingot iron are based on oxidation by atmosphoi ic 
air. Air is forced through the liquid cast iron containing carbon, and malieal)le 
iron is produced. The amount of heat developed in this process (which is 
exceedingly rapid) is so large that the product remains liquid without further 
heating. This Bessemer process, named after its inventor, is carried out in 
large pear-shaped vessels. The converter with an opening at the top, is 
mounted on trunnions so that the contents can be poured out by tilting. 
The capacity of the converter is from 8 to 18 tons. The bottom is fitted 
with a number of openings through which the air is forced. Originally the 
Bessemer process was only suitable for ores containing little phosphorus, 
but the introduction of S. O. Thomas* basic lining rendered possible the use 
of raw material containing more phosphorus. This modification is known 
as the Thomas process. 10 tons iron require 15 — 25 minutes “blowing” in 
the converter: The molten iron is allowed to run into the converter (in tlie 
Thomas process limestone is first added to form a slag with the phosphoric 
acid), air is blown through and the converter righted. The spectrum of the 
flame at the mouth of the converter indicates the end of the process, the 
converter is then tilted and the iron runs into the casting pan. It should be 
noticed that Bessemer works on a small scale are now becoming of great('r 
importance: the converters used contain about 750 kg iron. The result is 
that small quantities of steel which as a rule were formerly made in Martin 
furnaces can now be made much more cheaply, the initial costs being in the 
proportion of 1:4. As this industry is not based on the production of large 
quantities but may be adapted to the size of casting required, and as “temper” 
iron and fine iron can also be cast with converters, a favourable future may 
be prophesied. 

The only difficulty in the converter process is the removal of just the right 
amount of C. Generally the whole of the carbon is first oxidized and the pure 
iron recarbonized by the addition of spiegeleisen in the acid process (Bessemer 
process), and coke in the basic process (Thomas process). In the latter case 
the carbon is not allowed to act before the material reaches the casting pRO 
(i. e. after removal of slag). 

The Germ. Pat. 159355 protects a process which is an adaptation of the 
Talbot process mentioned above under b)on the lines of the Bessemer process. 
The contents of the converter are converted into steel, half of it is {poured 
into a pan while the residue with most of the slag remains behind in the 
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converter. Molten cast iron, from the blast furnace is now introduced and 
the i^lag at once reacts with the impurities of the cast iron. The converter 
is then tilted and part of the slag emptied out. If the cast iron contains 
phosphorus fresh lime is added and blowing commenced. When cast iron 
containing no phosphorus is used the addition of lime is unnecessary. Finally 
the converter is tilted, part of the steel is poured off, the remainder of the 
enriched by oxide of iron and a fresh amount of cast iron added and 
tlic process continued. 

ft is a mistake to assume that any cast iron containing phosphorus can be 
treated by the Thomas process; on the contrary the contents of P must be 
v('ry high (in direct contract to the acid process) ; P is necessary as a heat- 
developer, since otherwise the temperature will not remain high enough to 
keep tiie iron molten in the converter. On the other hand the silicon con- 
tained should be low in the Thomas process, as otherwise the basic lining of 

the converter is rapidly destroyed. In the actual Bessemer process in which 
raw material containing little P is used, the Si acts as the heat 
developer. 

The results of the Bessemer- and Thomas processes are exceed 
ingly variable, varying according to the raw material and the 

method of working and ranging from the softest ingot iron to hard 
Htcel, though the soft product as a rule is formed. The slag 

from the Thomas process is used as manure when ground (Thomas 
phosphate); see “Manures, artificial’'. 

d) Direct production of Ingot iron from ore. 

See the article on “Steel”, where the methods of production of ingot 
iron in electric furnaces is treated. 


The Germ. Pat. 146204 treats of the purification of liquid iron. Molten 
iron in thin strata is dropped over cones and funnels and brought into close 
contact with the air. 

According to the Germ. Pat. 147313 acetylene is used for carbonising liquid 
iron. This method is not unknown, but it has the drawback that solid carbon 
separates in the pipes. The new invention purposes to remove this objection 
by mixing acetylene with an indifferent gas (for instance CO). The acetylene 
gas mixture is allowed to enter through spouts into a Bessemer converter or 
is conducted into the fused contents of a Martin furnace. 


Irone. Whilst ionone (q. v.) is a synthetic product with an odour resembling 
til at of violets to an extraordinary extent, the isomeric irone must be regarded 
as the odoriferous constituent of the violet root. (It is possible that ionone 
is also present.) The constitution is shown by the formula 




H . CH : CH . CO . CH. 


It is obtained from oil of iris by saponifying the alcohohc solution with 
potash, extracting with ether, distilling off the ether, and collecting the 
fraction which passes over first. By treating with phenylhydrazine, the irone 
IS obtained free from the impurities which at first eiccompany it. 

Bliicher. 24 
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ISAROL. 


Isarol. A compound resembling ichthyol obtained from it by treatment 
with cone. H 2 SO 4 . It dissolves in water forming a clear solution. Its use is 
srniilar to that of ichthyol (q. v.). 

Isatiiie see “Indigo dyestuffs”. 

Isinglass see “Glue”. 

Isn. A liquid preparation of iron with 0.2 % ferrous saccharate. It is 
in reality a mixture of ferrous citrate (containing oxide) and sugar, 

Isoeiigenol see “Eugenol”. 

OCH3 

Isoform, p-iodoanisol 

^lO^. 

Obtained by tlic oxidation of iodoanisol. Used as a mixture with calcium 
phosphate. 

White voluminous, crystalline powder with a silvery lustre and a faint 
smell of aniseed, insoluble in alcohol and ether, sparingly soluble in cold, 
more readily in hot HgO. 

It is chiefly used as an antiseptic for external use as a substitute for the 
disagreeably smelling iodoform. Internally it is given in quantities of 0.5 g 
one to four times a day as an antiseptic. 


Isol. An oil forming a j)crman(*nt emulsion with hot or cold water. I'mcI 
in oiling textiles. Tt is ecnmomical and forms no objectionable lime soaps 
with hard water. 

,OH. 

Isopral. Trichlorisopropylalcohol. COL — CH\ 

^CH3. 

Prepared by treating chloral with niagnesiummethyliodide and decomposing 
the 2 )roduct with dilute acid 

/I /OMgl 

CCl, . Clio -I- COL . CH<; + H^O 


CCL . CH< 


+ MgO 4- HI. 


It forms colourless prisms, M. P. 49®. Soluble in alcohol and ether, w ith 
difficulty in H 2 O. Recommended as an hypnotic (it is twice as powerful 
chloralhydrate). Dose 0.5—1 g or in cases of insanity 2 — 3 g. 


yCH : CH.CH3(1) 

Isosafrol. 0\pu (3), Lsomeric with safrol (q. v.), and 

(4) 


easily formed from it by long continued heating with sodium or potassium 
ethylate. A liquid, B. P. 246 — 248®, with a strong smell of aniseed. It is 
used in perfuming soap and also, because of the ease with which it can be 
oxidized, in the preparation of piperonal (q. v.). 


Iso soap. A solid sulphonic derivative of castor oil. It is neutral, completely 
soluble in hot water giving a clear solution, and even with the hardest water 
forms no lime soaps. It is used for bleaching, w^ashing, dressing, &c. in the 
textile industries. 


Iso soap (solid new sulphoderivate of castor oil): 

Louis Blumer, Zwickau Sa., Germany, 
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Itrol. Silver citrate. C 6 H 507 Ag 3 . Obtained as a white precipitate by adding 
A^N 03 to sodium citrate. Used as an antiseptic in the treatment of wounds, 
inflammations, &c. 


J 

Japan Lac. The thickened juice of the Japanese plant Rhus vernicifera 
It is remarkable for its lustre and durability, is insoluble in all acids and solu- 
tions generally. Specimens of 11th and 12th century work are still remarkable 
for lustre, &c. 


Jasmine. Of the many remarkable syntheses of perfumes the preparation 
of ja.sminc stands high. It has been found that the characteristic smell of 
jasmine may be obtained by acting upon jasmone with indol. Jasmone is 
a ketone with an exceedingly strong odour. Indol which is formed during 
the putrefaction of proteid-like substances can be prepared synthetically: — 
0 nitrotoluenc o-nitrobenzylchloride, — ^ o-nitrostilbene, — ► o-amido- 
stilbeiKi — indol 


NH 

CeH,/ >< 


CH. 


'the preparation of indol for this purpose is protected by Germ. Pat. 139822, 
that of jasmone by Germ. Pat. 119890. For the preparation of synthetic 
jasmine the following formula is given: — bcnzylacetate 27.5, jasmone 1.5, 
liualylacetate 11, linalool 2.5, methyl ester of anthranilic acid 0.1, benzyl 
alcohol 11.05 parts are mixed and treated with 1.25 parts indol. A cheaper 
and almost equally good preparation can be obtained (Germ. Pat. 132425) by 
mixing benzylacetate 55, linalyl acetate 15, linalool 10, and benzyl alcohol 
20 parts. 


Jatreviiie. A condensation product of menthol camphor and isobutyl phenol. 
It is a clear colourless liquid with a peppermint-1 ike smell. Recommended 
a.s an inhalation in cases of acute and chronic catarrh. 


Jaiino brillant see ,, Cadmium colours“. 


Juniper oil. An essential oil obtained from the berries (fruit) of Junipems 
('ommunis by distillation with water. It is at first a colourless, later greenish 
or brownish-yellow liquid. S. G. (at 15®) 0.865 to 0.885; B. P. 171— 18U. 
It has a strong characteristic smell and a spice-like taste. Cadinene and pinene 
are two of the constituents. The oil, which is soluble in alcohol and ether, 
IS u.sed in medicine, but principally in the manufacture of liqueurs. From 
I IK' wood of the Juniper tree an empyreumatic oil (01. cadini) is obtained. 


fibres of various species of Corchorus native to East India 
grown in America. The plants are steeped in water and 
lie bast stripped away. The fibres are 1.5 to 2 m long and 0.01 to 0.03 mm 
/h increase the flexibility the jute is often saturated w ith oil or blubber 

intmce the offensive smell frequently noticed). It is worked up into sacking, 
sail cloth, window blinds, &c. It is not well adapted for rope-making since it 
not very strong and easily rots in the damp. 


^y®**'?* Although a vegetable fibre, jute behaves in a manner very 
i/ cotton and linen. Basic dyestuffs dye jute without previous 

jordanting; substantive dyestuffs dye it in a soap -bath and acid colours 
cr mordanting with aluminium mordants. 


24 * 
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Kainite. 


K 


Kainite see „Abraum salts“. 

Kaolin (China clay). A pure clay used in the preparation of glass, fireproof 
articles, &c. 

Kermes. The dried females of Coccus ilicis occurring in the form of brownish, 
red pieces of the size of a pea. It contains a dyestuff allied to carmine and is 
used only in Turkey for dyeing Fez. 

Ketones. A class of organic compounds allied to the aldehydes. Like 
the latter the ketones contain the carbonyl group CO ; in the aldehydes there 
is only one while in the ketones there are two alkyl groups. The simplest 
ketone is dimethylketone CH3 . CO . CH, commonly known as acetone (q. v.). 
Ketones in which the O is replaced by the NH group are called ketonimides. 

Benzophenone. CgHfi . CO . CgHg. Obtained by the dry distillation of 
calcium benzoate. The distillate is fractionated and the portion distilling 
between 190® and 210® which soon solidifies is drained and recrystallized from 
alcohol. It may also be obtained by the action of COClg on benzene in presence 
of AlaClfl. 

Large rhombic crystals, M. P. 48.5®; B. P. 305®; insoluble in water, readily 
soluble in alcohol and ether. It is used in the preparation of other compounds, 
more particularly coal-tar colours. 

Acetophenone. C^jH^ . CO . CH3. Used under the name of hypnone 
(q. V.) as a soporific. 

Kieselgur see ..Infusorial earth“. 

Kino. Bark extracts of various kinds similar to catechu (q. v.) used in 
dyeing and tanning. Amboina kino, Malabar kino and Pterocarpus kino 
are the most important varieties. It is slightly soluble in cold water, more 
readily in hot water and in alcohol. From the hot aqueous solution a gelatinous 
mass separates on cooling. Kino occurs in angular, shining, dark brownish - 
red lumps. 

Kolanine. A glucoside found in the kola nut which is decomposed by 
enzymes into caffeine, kola red and sugar. 

When chewed it is decomposed into its constituents. It is ordered as a 
stimulant in many diseases, particularly in cases of exhaustion and heart 
weakness, in neurasthenia. It is used in the form of tincture, pUls, pastilles, &c. 
prepared from kolanine extract, 1 part kolanine is equal in activity to 14 parts 
of the fresh drug. 


L 

Laboratory apparatus. 

Laboratory apparatus. Refractometers, Heating microscopes: 

Optical analysis according to Prof. Haber; Prosp. Carl Zeiss, Jena (Germany). 

Oontractors for Laboratory Equipment: 

Volkmar Haenig A Comp., Heidenau-Dresden, Germany (see front part advt.). 

Laboratory equipment. Mikro Catalogue M 184, Page 108: 

Optical analysis according to Prof. Haber: Prosp. Carl Zeiss, Jena (Germany). 
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I^cs. 

Chemicals for preparation Lacs: 

Dr. Hoehn & Co., NeuO a. Rhein, Germany. 


Lac-dye. (Lack-lack.) A colouring matter obtained from Coccus lacca 
Coccus ficus). The animals live on the branches of various East Indian 
species of Ficus. Their stings pierce the tree and the exuding latex with 
the animal is dried forming a dark red resinous mass. The twigs yield Stick- 
lac (10 % colouring matter). The resin deprived of a portion of the dyestuff 
is called Seedlao (2.5 % colouring matter). 

The red dyestuff, obtained by extracting the resin with water, is used 
principally for dyeing wool, mordanted with aluminium salts. The colouring 
matter is dissolved in HCl. The resin after the extraction of the colouring 
matter is shellac (q. v.). 


Lacquers. The best known natural lac is the Sticklac (see above) and 
also Shellac. 

Japan lacquer is a direct plant product. In order to obtain it, horizontal 
incisions are made in the bark of the lac ixcidfRlius vernicifera) and the lac 
scraped off. The crude substance is a greyish-white viscid emulsion which 
is purified by pressing through cloth, filtering or treating with aqueous solutions. 
Japan lacquer is valuable on account of its extraordinary resistance to heat, 
acids and alcohol. 

The so-called China lacquer is an artificial product obtained by dissolving 
mastic, sandarac and “gurjun" in alcohol. 

The lacquers used in Europe are usually artificial products (see,, Varnishbs“). 
The lacquers mentioned here are those made with oils (see „Linsekd oil 
varnish“) and are prepared by dissolving resins in drying oils. The resin most 
largely used for this purpose is copal (q. v.). It is first melted in copper or 
earthenware vessels over a free fire or preferably by superheated steam. The 
copal is heated to about 360® until about 26 % has distilled over (copal oU). 
It is often, however, merely heated to a much lower temperature, and the 
previously warmed solvent added. Pure linseed oil is rarely used, its place 
being taken by linseed oil varnish (q. v.). Amber is often added partly to 
replace copal. The lacquer is filtered through cotton or in specially constructed 
filters. Frequently turpentine is added ; the product then somewhat resembles 
the liquid varnishes. 

The cheap resin oil varnishes are solutions of copal, amber, and colophony in 
resin oils (q. v.). 

The following are selected from the large number of recent patents: — 

According to Germ. Pat. 143777 wood-tar is neutralized witn NajCOg 
washed with water, evaporated, boiled with common resin and the mixture 
dissolved in turpentine, petroleum ether or essential oils. The product is a 
quickly-drying, waterproof lacquer. 

According to Germ. Pat. 164219 excess of resin oil is mixed with non-drying 
oils and pitch and heated until a uniform mass is obtained. A slight modi- 
fication of the process is found in Suppl. Germ. Pat. 166107. 

Lacquers may be obtained (Germ. Pat. 145388) from fossil resins by the 
addition of p^mitic acid to the crude melt. The coarsely-ground resin (copal, 
amber, &c.) is heated with the palmitic acid until a clear homogeneous mass 
IS formed and afterwards heated with drying oils, essential oils, &c. as above. 

and palm oil are mentioned as suitable sources of palmitic acid, 
urther it may Ije mentioned that certain constituents of coal-tar (coumarone, 
i d which readily polymerize have been used in the lacquer 



374 


Lactarinb. 


.Lactarine = purified caseine. 

Lactarine paper see “Photographic Papers’*. 

Lactic acid. CgHgOj. The usual acid obtained by the lactic acid fermentation 
of milk is a -oxy propionic acid (ethylidene lactic acid), CH, . CH(OH) . COOH. 
On a commercial scale it is prepared as follows: — 3 kg. cane sugar and 15 
tartaric acid are dissolved in 17 litres of boiling water. The cane sugar is 
thus converted into dextrose and laevulose and then 4 litres sour milk and 
100 g ripe cheese are stirred into the mixture. To combine with the acid 
1.5 kg ZnCOg are added. After standing for eight days the zinc lactate vvliiih 
separates as a crust is removed, recrystallized and decomposed with H,S. 
After filtering off the ZnS the filtrate is concentrated to a syrup, extracted 
with ether to remove mannite and any unchanged zinc salt, and the ethereal 
solution again concentrated to a syrup. 

On a large scale the acid may be prepared by the process of Larrieu (French 
Pat. 206506). Starch and starchy substances arc fermented in presence of 
NH4NO3. 900 kg starch are mixed with 100 kg malt at a temperature of 50^. 
The mixture is warmed to 75® until the starch forms a thick paste which is 
then removed to a fermenting vessel and 0.5 kg NH4NO3 added. The fer- 
mentation takes place at 50 — 65® and is allowed to proceed for 20 — 30 days. 
One half of the acid is then neutralized with Na.^C03, filtered and evaporated 
until the vS. G. is 1.21. 500 kg CaCO^ arc added, the calcium lactate decomposed 
V ith H2SO4, the CaS04 removed by filtration and the solution evaporated 
to a syrup. 

The method of Jacquemtn deserves mention. It is as follows: — Diastatk 
fermentation of malt is allowed to proceed as in brewing, but the mashing 
is allowed to continue for a longer time at 50®. The object of this is to increase 
the amount of maltose and to decrease the amount of dextrine to as great 
an extent as possible. The temperature is then gradually raised to 60® — 65 ^ 
and finally to the boiling point in order to destroy all ferments. The wort is 
then allowed to cool to 45®, treated with a carbonate, and a pure culture of 
the lactic acid bacteria added. The fermentation proceeds for 5 — 6 days at 
40 — 45®; the liquid is filtered and evaporated. The calcium lactate whic h 
crystallizes out is treated in the usual way. 

Pure lactic acid is obtained (Germ. Pat. 140319) by extracting the aqueous 
solution of the crude acid with amyl alcohol in which the usual impurities, 
such as sugar, gums and mineral substances, are insoluble. The upper alcoholic 
layer is removed and the residue treated with fresh alcohol. In order to obtain 
an aqueous solution of lactic acid the alcoholic solution is extracted with water 
or distilled in steam. 

Crude lactic acid may be purified (Germ. Pat. 169992) by mixing with 
equivalent amounts of aniline, cooling the mixture, recrystallizing the salt 
and decomposing with steam. 

Pure lactic acid is obtained (Germ. Pat. 171835) by treating the crude 
lactates with equivalent amounts of alcohols and warming with a mineral acid. 
From the ester so obtained the alcohol is recovered and the lactic acid separated. 

Lactic acid is a syrup soluble in water, alcohol and ether which can only 
be obtained in the dry state with difficulty. When chemically pure it 
forms a crystalline mass M. P. 18®. 

Test. For the quantitative estimation of lactic acid in the commercial 
product lOg acid are made up to lOOeem and titratedhot withN /I KOH (phenol 
phthaleine as indicator). Icc N/1 KOH corresponds to 0.0906 lactic acid. 

Lactic acid may be recognized by the following test : — 

3ccm acid are warmed with lOccm of KMn04 solution (1 : KXK)) when 
the characteristic smell of aldehyde will be observed. 
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A 10 % solution of sarcolactic acid is rendered cloudy by the addition of 
a solution of C11SO4. 

Lactic acid: 

W. A C. Plantin, 147 Upper Thames St., London E.C. 

Lactoleum. A kind of liquid linoleum (q. v.). The ingredients — cork 
powder and cement — are mixed cold at the place where they are to be used 
and laid on the floors. In 3 — 4 days the substance has become hard enough 
to be walked upon. Lactoleum can be made in all colours and is said to be 
more clastic than linoleum. 


Lactophenine = p-Lactyl phenctidine. 

/NH — CO — CH(OH) — CH^. 

C,H / 

^OC,H,. 

Obtained by the action of lactic acid on p-phenetidine. 

Colourless and odourless crystals with a slightly bitter taste, of M. P. 117 to 
IIS^’; sparingly soluble in cold, more readily in hot HgO, easily in alcohol. 
It is given as an antipyretic, especially in cases of typhoid, and as an analgetic 
in neuralgia, rheumatism, &c. 

Lactose see „Milk sugar“. 


Lactoserve see ,,Milk preparations.“ 

Laeviilose see ,, Fruit suoar“. 

Lakes. Mixtures or chemical compounds of dyestuffs with colourless 
mineral substances that can be easily reduced to powder. They are obtained 
by precipitating organic dyestuffs with gypsum, heavy spar, aluminium 
hydroxide, tin hydroxide, clay (burnt or unburnt), &c. All kinds of dyestuffs, 
vegetable, animal and synthetic, are used in the manufacture of lakes. In 
the case of coal-tar colours, starch is used as a binding agent. By choosing 
different substances to take up the d37estuff lakes of various shades may be 
obtained. 

Lakes only exhibit their lustre in thin layers. They arc used as oil- and 
water-colours, but are not very permanent. 

They may be obtained (Frencn Pat. 336433) from azo dyestuffs or from 
sulphur dyestuffs (Germ. Pat. 150765). 

Lampblack see ,,Soot“. 

Lanoline see „Wool fat“. 

Lanthanum and Lanthanum compounds. Lanthanum, La, A. W. 138.3, 
belongs to the group of rare metals. It is found in gadolinite, cerite, orthito, 
and raonazite. The metal itself is not of importance but the oxide LagO, 
and the corresponding salts are now prepared from monazite on a commercial 
the manufacture of incandescent mantles. The carbonate,, 
• 3 HgO, the nitrate La(N03)3 * ^ H^O, the sulphate LaglSOil-.O HgO 
and the double sulphate of lanthanum and potassium La2(S04)3 . 3 K2SO4 
are used for this purpose. 

Ijard. Obtained either by melting hog’s fat over an open fire, or in water, 
by steam. It is a pure white substance consisting chiefly of oleine, pal- 
nutme and stearine with about 0.25,% unsaponifiable substance. S. G. (at 15^) 
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0.930 — 0.940; S. G. at 100° C is 0.861. M. P. varies between 28° and 42o. 
At a temperature of 42° lard is still cloudy and does not become clear below 
48 — 60°. It is soluble in ether, chloroform, carbon disulphide, hot benzene, 
also in 27 parts boiling alcohol. In the presence of light and air it quickly 
becomes rancid. 

Many methods of purifying impure lard have been proposed. CaClg is used 
(Germ. Pat. 105671). MgO and MgCO^ are said to be also used. E. Meissl 
proposes to bleach brown strong-smelling lard by stirring in 0.25 — 0.5 % 
of the residues from the manufacture of K 4 Fe(CN)j (carbon containing iron 
oxide and silica) at .80° C and then forcing through filter presses. 

In addition to its use in cooking it is employed for making ointments, 
toilet soaps, and for oiling leather. The solid residue left after pressing out 
the lard oil (q. v.), (Solar-stearin) used for making candles. 

Lard oil. Various products are known under this name, e. g. the oleine of 
lard, separated from the latter by pressing (the solid residue is palmitiiK* 
and stearine). It is also called bacon oil, and is used to make soaps, pomades 
and lubricants. 

A clear golden oil obtained from rape seed oil by treatment with lyes and 
superheated steam is known as lard oil. It is an excellent lubricant. 

Lavender, oil of. The essential oil obtained by distillation with water 
from the flowers (or the whole plant in some cases) of Lavandula officinalis 
(L. vera). The finest kinds are prepared in England from cultivated plants. 
It is a colourless or faintly yellow essential oil with a pleasant odour and a 
burning spice-like taste. S. G. (at 16°) 0.880 to 0.890; B. P. 186 — 192° (alp 
= — 4° to 9°. The chief constituents are linalool, linalyl acetate, geraniol, 
and cineol. In presence of air and light it readily resinifies. It is used for 
toilet purposes and also as an addition to surgical dressings. 

Of considerably less value is spike oil S. G. 0.851 to 0.881, obtained from 
Lavandula spica. It is used as a medium for colours employed in glass 
and porcelain painting, in making varnishes, in surgical dressings and as an 
adulterant of the true lavender oil. 

Laxatol. An aperient medicine. The principal active constituent is phenol- 
phthalein. 

Laxin. An aperient preparation containing 1.87 % malic acid and 6.92 % 
phenolphthalein. 

Lead. Pb. A. W. 206.9. The principal ore is galena from which the metal 
is obtained by one of four methods. 

1. Roasting process. It is carried out in hearth or reverberatory furnaces 
and depends upon the action of the product of roasting on the undecomposed 
galena (PbS). During roasting PbS 04 and PbO are formed which act upon 
the unchanged PbS thus: — 

PbS + PbS04 = 2 Pb + 2 SOjj, 

PbS -f 2 PbO = 3 Pb + SO 2 . 

The roasting method is only suitable for pure ores. They must be free 
from SiOj, otnerwise large quantities of lead are retained in the slag. 

2. Precipitation. This is conducted in shaft furnaces; The ores are 
melted in the crude state while some substance such as iron is added to take 
up the S from the PbS: 

PbS -f Fe == Pb + FeS. 

The iron is not added in the metallic state but in the form of ores which are 
reduced in the furnace itself. Such additions containing iron are iron stone, 
iron slags, &c. 
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This method in spite of its theoretical simplicity is becoming obsolete, 
as the ^oper working of the process requires a very high temperature, otherwise 
much Fb is taken up by the FeS. Impure ores cannot be treated by this 
method, but it may be applied with advantage when the raw material contains 
much silica. 

3. Roasting and Reduction. This process is conducted in blast furnaces. 
It is the most usual process of obtaining lead and is suitable for all kinds 
ef lead ores, especially for poorer kinds and those containing large quantities 
of metallic sulphides other than PbS. 

The process is carried out in two stages, firstly roasting in special reverberatory 
furnaces, and secondly reducing and melting in blast furnaces. The roasting 
is continued with addition of SiOa until only oxides and lead silicates are left. 
The reducing is done with addition of carbon (coke); other additions like 
iron stone, lime, &c. are intended to assist the formation of slags containing 
the less readily reduced metals. The temperature during reduction should 
not be too high. 

For many years the process of lead smelting underwent little or no modifica- 
tion but recently a new process due to Huntington and Heberlein (Germ. 
Pat. 95601) has become important. According to this method galena is 
nuxed with 6—15 % CaO and heated to a dark red heat with a blast. After 
this, further heat need not be supplied as sufficient is developed by the reaction 
itself. The temperature rises to 700® C after which cooling to dark red heat 
takes place. During this process PbS04 is formed; little PbO is formed and 
no Pb; no lead is lost by volatilization. The hot roasted material is now 
treated with compressed air in a converter where — again without external 
heating — PbO and CaSO^are formed and SO^ is evolved. The roasted material 
obtained by this method is reduced in blast furnaces at much less cost than 
is material obtained by the old process. According to the experiments 
of Donald Clark the reaction equation given by the inventors, is wrong. 
It gives PbS04 as an intermediate product while CaPb03 must be regarded 
as being present. On a large scale crushed lime, galena and admixtures are 
nuxed and heated in any kind of roasting furnace, when about one half of the S 
^capes ; the granular product while still hot is introduced into the Huntington - 
Heberlein converter, a conical iron vessel, and air forced through. The 
process takes 2 — 4 hours and lowers the percentage of sulphur from 10 % to 
mass is removed by tilting the vessel, broken up and removed to 
the blast furnace. Although considerable amounts of sulphur are still present 
no matte is formed. The process of the Germ. Pat. 142932 of blasting Pb 
ores m cemverters without the previous addition of CaO and roasting has been 
purchased by the owners of the Huntington -Heberlein process, 
f is that described in the patents of Savelsberg according 

which the mixture of galena and lime-stone with the addition of a large 
rof^t^g water is smelted in heated converters without previous 

pr^ess of Bradford and Carmichael is also similar to that of Hun- 
C Lead ores containing S are mixed with 10 — 35 % 

a&U4, introduced into a converter which is heated from without until the 
^ ® heat; the mixture is then converted 

P^O f blown in and the CaS changed to CaS04 and 

Anri 1 • * As the amount of PbO increases the mass becomes pasty 
plumbate is formed. After cooling the mixture is melted in blast 
tumaces (Engl. Pat. 17680, 1902). • 

air ^ Daur, Pb may be obtained without the use of fuel : Compressed 

fused galena when a change corresponding to the following 
equation takes place: — o o — o 

2 PbS -f 20 = SO, -f Pb -f PbS. 
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Half the lead is obtained as metal and the other half in the form of a black 
sublimate of PbS. If the ores are rich the heat developed in the process 
is sufficient to fuse a fresh quantity of galena. If the ores are not pure the 
heat of reaction is not sufficient to produce the required working temperature 
of 1100®; in this case a “white turn’* (so-called in contract with the other 
process) is put in, i. c. one lot of material is roasted completely to PbO so that 
the whole heat of combustion of the S may be employed. The mixture of 
the black and white products is then treated. The process takes place in cupola 
furnaces. 

4. Electrolytical processes. Various methods of this type have been 
proposed. The Electrical Lead Reduction Co. in their works at Niagara 
Falls places ground galena into hard lead vessels, dilute H2SO4 is added 
electrolyte, and the whole electrolysed. Twelve vessels are placed 
one above the other, the galena forming the cathode and the bottom 
of the lead vessel above the anode. The reduction takes place uilh 
evolution of H and H2iS. The Pb separates in a spongy form which 
is used in the works for the preparation of lead compounds. — The 
Germ. Pat. 140317 has for its object the separation of Pb -f- Pb02 from 
a solution of Pb (N03).2 by elcctrolytical methods; the HNO3 is neutralized 
by continually adding PbO. 

The work lead obtained by one of the methods mentioned under 1 — 3 is 
contaminated by various substances. Purification is effected by li(iuation 
which consists in melting the lead in a reverberatory furnace with an inclined 
base. The lead melted slowly at low' temperatures runs into a tank. This 
process is especially employed when lead containing copper is to be purified. 
The process of refining by melting and simultaneous oxidation varies accord- 
ing to the degree of purity of the raw material : — The continuously forming 
scum on the surface of the lead is removed — skimming process. In the poling 
process poles of green wood are dipped into the lead and stirred around. 
Another method of refining is that by steam; another process is deserilxMl 
in the article on “Silver”. 

Several electrolytical methods of refining lead have been proposed, though 
it is not (piite certain which have proved reliable. According to Keith anodes 
of work lead are used, a solution of Pb804 in sodium acetate serves as electro- 
lyte and the cathodes are of brass on whkdi the refined lead is deposited. 
According to Betts (Amcr. Pat. 713277 and 713278) the electrolyte used in 
refining should be a mixture of a lead compound and a reducing agent; the 
latter prevents the separation of Pb in a crystalline state the objectionable 
feature of Keith's process. Betts ehoses for his electrolyte, lead silico-fluorid(‘ 
as lead compound and gelatine as reducing agent. Lead silico -fluoride is formed 
by the solution of the work lead anodes when hydro-fluosilicic acid is u.sed 
as electrolyte. The (cathodes on which the lead is precipitated are 
themselves of thin sheet lead. So far no electrolytical refining proeo.ss 
for Pb has proved economical, though Betts’ method is spoken of 
favourably. In an American factory an electrolyte with 10 % free 
hydrofluosilicic acid and 5 % Pb is at present used; the vats have 20 
anodes and 21 cathodes ; the anodes are one inch thick, the lead cathodes 
produced electrolytically are inch thick, current 0.25 volt, 15 amperes 
per square foot. 

Pure lead is bluish white with a high metallic lustre, though it rapidly 
turns grey in the air. S. G. 11.36 — 11.39; M. P. 334®; B. P. about 1600®. 
As Pb is only touched very superficially by HCl and H2SO4 and the film 
formed prevents further action lead is used in making many vessels for chemical 
purposes. It is also used as material for water pipes, shot, and as a constituent 
of alloys. 

Hard lead see “Antimony alloys”. 
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Lead aUoys. 

1. Habd lead, see “Antimony alloys’*. Type metal is discussed under the 
same heading. 

2. Shot metal. 0.2 to 0.8 % arsenic according to the pureness of the lead 
is mixed with it making it easier to cast and at the same time harder. The 
arsenic is not added to the molten lead in the metallic state but as realgar; 
As is liberated with formation of PbS. 

3. Tin -lead alloy. Prepared by the usual melting process. The com- 
position is as follows: 62 % Pb, 33 % Sn, 14 % 8b and 1 % As. Lead-tin alloys 
arc much used, for instances as theatre jewellery {Fahlun diamonds, about 
40 % Pb), as tin soldiers (up to 50 % Pb) for organ pipes (30 % Pb) and for 
many kinds of cutlery and plate; in the latter case there should not be more 
than 10 % Pb. 

Lead colours. 

1. Litharge. PbO. -Obtained by heating lead in reverberatory furnaces. 
Tlie temperature is not raised to the M. P. of the oxide. Less frequently it is 
obtained from PbCOg -f Pb(N03)2. 

2. White lead (Berlin white, Kremser white). Basic lead carbonate 
2 PbCOa Pb(OH)2; it is produced in various ways: 

a) Dutch method: Vinegar is poured over metallic lead and the jars 
in which the action takes place are imbedded in horse dung or tan. The 
basic lead acetate first formed is changed into white lead and neutral lead 
acetate by the CO2 produced in the fermentation of the dung or tan. 

b) German method (Chamber process). The lead sheets hung up in cham- 
bers of wood or masonry are converted into lead acetate by the vapours 
of acetic acid. The latter is converted into white lead by introducing COg. 
According to the Germ. Pat. 151614 the fermentation gases escaping in the 
manufacture of spirits and compressed yeast (containing water vapour, COg, 
and a little alcohol) are used in the manufacture of white lead by conveying 
them (by means of compressed air) to special vinegar cliambers, where the 
alcohol is oxidized to acetic acid; the vapours of acetic acid then enter 
tlie chambers containing the lead. 

c) French method. Litharge is dissolved in acetic acid and tlie basic 
lead acetate formed decomposed by CO2. White lead separates while neutral 
lead acetate remains in solution. This can be converted into the basic acetate 
by treatment with litharge. The process is therefore to a certain degree 
continuous. According to the Germ. Pat. 133425 this method is modified 
in so far as a solution of ammonium acetate is allowed to act on litharge under 
such conditions that litharge is dissolved by NH3, % being converted into 
lead acetate and % to basic acetate : the solution obtained is then precipitated 
by a solution of ammonium carbonate. The product is a white lead, fine 
grained and with good covering properties. The method of the Amer. Pat. 
750541 is as follows: — PbO is mixed with acidified HgO, heated to about 95°, 
the PbO converted by the action of acetic acid and COg into carbonate and 
finally oxygen is allowed to act on the mixture. — According to the Germ. 
laL 158309 white lead with good covering properties is obtained as follows: — 
1 bO (100 parts) suspended in 100 parts water is thoroughly incorporated with 
a solution of lead acetate (250 parts) in HgO (650 parts), COg is then passed 
through the whole. The amorphous white lead settles slowly and is pressed 
in a filterpress, washed, and dried. 

. d) Bronner’s method. (Germ. Pat. 52262). Freshly precipitated PbSO* 
IS warmed with soda lye to 70° when basic lead sulphate is formed according 
to the following equation: 

3 PbS04 + 2 NaOH == 2 PbS04, Pb(OH)a -f Na2S04. 
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When»the basic sulphate is warmed with a soda solution it is easily con- 
verted into white lead: — 

2 PbSO^, Pb(OH)2 + 2 Na^COa = 2 PbCOg, Pb(OH)2 + 2 Na2S04. 

The English method formerly used is now rarely employed. 

e) Electrolytical method (Germ. Pat.). An aqueous 1.5 % solution 
of 80 parts NaClOa and 20 parts NagCOg is electrolyzed, the anode consisting 
of soft lead and the cathode of hard lead. Current 2 volts, 5 amperes per square 
meter. The electrolyte must be kept slightly alkaline, and HgO and CO2 
carefully introduced during the electrolytical process. Besides this one* 
several other methods of preparing white lead electrolytically have become 
known. In Hartmann’s method, described under lead hydroxide in “Lead 
compounds” CO2 is introduced during the electrolysis. The French Pat. 328490 
has for its object the production of white lead by the electrolysis of a 1 % 
solution of common salt, using lead electrodes. The Pb(OH)2 which dissolves 
is at the same time or subsequently exposed to the action of COg. 

f) American methods. In America white lead (Winteler, Zeitschr. f. 
angew. Chem. 1905, 1179) is chiefly manufactured in the following way; 
Molten Pb is conducted through fine tubes into boxes. A jet of steam blows 
against the tubes so that the lead is turned into metallic spray. This lead 
dust is placed in rotating barrels together with dilute acetic acid. During 
the process which takes about 7 days, air, filtered combustion gases, and a 
little steam are continually blown into the barrels. The contents of the barrels 
are washed with water so that the unchanged lead .sinks to the bottom. The 
white lead thus obtained is either dried or kneaded with oil. 

White lead is frequently mixed with the much cheaper barium sulphate, 
BaS04, giving a mixture of much le.ss covering power. Mixtures of this nature 
are Venetian white with 50 % BaS04, Hamburg white with 65 %, and Dutch 
white with 80 %. 

The purest and best kind of white lead is Kremser white, sold in the form 
of hard plates. It may be made from any white lead prepared by the German 
or Dutch method. The white lead is not washed, and is dried slowly. 

White lead: 

Farbwerke-Aktien-Geeellschaft, Diisaeldorf, Germany. 

3. Minium (Paris red, Saturn cinnabar). Pb304. Obtained by carefully 
heating PbO in muffle furnaces. The substance must not melt. The finest 
kinds are produced by heating white lead or lead nitrate to a gentle red heat 
in the oxidizing flame, or by heating PbS04 with NaNOj and NajCOg. Brilliant 
red powder, much used as a paint. 

Iron minium (minium substitute) see “Iron colours”. 

Read lead (Miniam): 

Farbwerke-Aktien-Gesellschaft, Dtisseldorf, Germany, 

4. Naples yellow (basic lead oxyantimoniate). At present usually 
obtained by melting oxide ol antimony with litharge. The finest kinds are 
obtained from a mixture of one part potassium antimony tartrate, 2 parts 
lead nitrate and 4 parts common salt. It is heated gently in crucibles, and 
the substance while liquid is poured on to a cold metal plate and extracted 
with water: The Naples yellow remains on the plate. It is a fine colour, with 
good covering properties ; used not only as an oil colour but also as a porcelain 
colour since it stands firing. It is decomposed by HjS. 

6. Cassel yellow (Mineral yellow, Veronese yellow). Lead oxychloride, 
PbC^g + 7 PbO. It is obtained by melting PbO with NH4CI. The NHg set 
free, decomposes a certain amount of PbO with formation of Pb. The molten 
mass is poured off from the lead and allowed to cool in iron moulds to congeal. 
It is a beautiful crystalline yellow substance. 
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6. Patent yellow (Turner’s yellow, Montpellier yellow, English ♦yellow). 
This is also a basic lead chloride PbCL + 5 PbO. It is obtained by treating 
litharge with a solution of common salt; the substance obtained is originally 
white turning a brilliant yellow after melting. 

7. White lead colour. According to Germ. Pat. 153042 a white paint is 
obtained by mixing PbO with NaCl in presence of HgO, neutralizing the 
mixture of rbClg, ]ft)(OH )2 and NaOH after removing the NaOH with H 2 SO 4 
or sulphates, stirring, washing, and pressing. The residue is stirred with 
drying oils. The product is a mixture of PbCla + PbS04; it covers better 
than the latter alone and remains white when mixed with oils. 

Lead chromates see “Chromium colours”; substitutes for white lead 
see “Antimony colours”. 

Lead colours: 

Farbwerke-Aktien-Qesellschapft, Diisseldorf, Grermany. 


Lead compounds. 

1. Lead acetate (sugar of lead). Pb(C2H302)2 + 3 H2O. Generally 
})repared by dissolving litharge in acetic acid. Obtained pure by the action 
of vapours of acetic acid on PbO; the latter is spread out on sieve- plates, 
a solution of lead acetate collects at the bottom of the vessels from which 
])uro crystals are produced. Valuable details on the manufacture of lead 
acetate are given by C. Bauer in the Ghem. Ztg. 1905, 1. 

White tetra hedral columns which slowly effloresce in the air. M. P. 75® C; 
when the water of crystallization is removed it solidifies to a leafy substance 
which melts again at 280®. It dissolves in 1.5 parts water at 15® C and at 
100® C in 0.5 parts. It is used in dye works and in oalico printing works 
for mordanting, further for making lead-colours and preparations, varnishes, 
and medicaments. 


Test. The amount of acetic acid is determined by Salomon’s method, 
bv making the solution strongly alkaline with standard alkali in presence of 
phenolphthalein and re-titrating the excess with standard acetic acid until 
the red colour varnishes. The difference gives the combined acetic acid 
— According to Fresenius the Pb and acetic acid are determined 
as follows. The aqueous solution of 5 g in a 250 cem flask is precipitated 
by an exact definite amount of H2SO4 in slight excess. The flask is shaken 
and filled up to the mark. Then water is added corresponding to the amount 
of precipitated PbS04 (S. G. 6,3), the shaking repeated, and then the mixture 
is filtered through a dry filter. The H2SO4 is precipitated by a solution of 
BaClg in of the filtrate (50 cem), the BaS04 is weighed and the lead is 
then determined from the amount of H2SO4 used in precipitating the Pb. 
Another 50 cem are titrated with standard alkali and the acetic acid determined 
by deducting the amount of H2SO4, 

2. Basic LEAD acetate. PbfCgHjOglg 4- 2 Pb(OH)2. It is obtained solid 
by stirring into hot acetic acid, a suspension of litharge in the proportion of 
76 kg 30 % acetic acid to 120 kg litharge. It is used in the manufacture of 
chrome yellow and chrome orange. 

A solution of basic lead acetate {Liquor Plumbi subace tici) is generally 
used. This latter which is Pb(C2H302)2 -f Pb(OH)2 is produced by melting 
topther 3 parts sugar of lead and 1 part PbO on the water bath. This is 
diluted with 10 parts HjO and filtered. Colourless slightly alkaline liquid; 
clear at first but becoming milky on exposure to air, S. G. 1.235 — 1.240. 
At IS used medicinally; also tor weighting silk, for separating natural colours, 
tor the preparation of white lead and aluminium acetate. 

o. Lead borate. It is rarely pure PbBgOg but a mixture of several salts. 
AO prepare it, calcined borax is ground with PbClj (or another Pb salt) ; a very 
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intimate mixing and at the same time more or less complete chemical com- 
bination takes place. The salt is used as a siccative for varnishes and oil 
paints. 

4. Lead chloride. PbClg. Prepared by precipitating solutions of lead 
with HCl or BaC^. It is a crystalline powder. 

Small white silky crystals which dissolve in about 100 parts water at 15^0 
and in 30 parts at the boiling point. 

Elbs obtained tetrachloride of lead PbCl4 electrochemically by using two 
anodes, the lower one of Pb, the upper one of carbon. With suitable currents 
the Cl evolved at the carbon anode transforms all the PbClg formed at the 
lead anode to PbCl4. 

Lead oxycliloride and basic lead chloride sec Cassel yellow and Patent 
YELLOW under “Lead colours”. 

5. Lead chromates. 

a) Neutral lead chromate (Chrome yellow). PbCr04. It is obtained by 
acting on a lead compound with K2Cr04 or KoCrO;; further details see imrler 
Chrome yellow in “Chromium colours”. The electrochemical method lias 
recently become important: A 1.5 % aqueous solution of a mixture of 8 parts 
NaClOa with 2 parts Na.,Cr04 is subjected to electrolysis. The anode consi.':is 
of soft lead, the cathode of hard lead. Current 1.8 volts 0.5 ampere per square 
metre. 

b) Basic lead chromate (Chrome red, chrome cinnabar, chrome orange). 
PbCr04 -|- Pb(OH)2. Obtained by treating chrome yellow with caustic 
alkalies, or alkaline carbonates, or from basic lead salts by treatment witli 
K.2Cr04 or 1X20207. 

6. Lead resinate (sec “Siccatives”). It is produced by melting lead 
preparations with colophony, &c., or also by wet methods, precipitation, &c. 

7. Lead hydroxide, sec under No. 14 “Lead oxides’\ 

8. Lead carbonate. PbC03. It is produced by pouring a solution of 
lead nitrate into a solution of ammonium carbonate, or by passing COg into 
a solution of lead acetate. 

According to the Amer. Pat. 715214 lead carbonate is obtained by heating 
lead sulphate in an excess of a solution of alkaline carbonate. As a single 
treatment only effects a partial transformation the process must be repeated 
with fresh solutions of alkaline carbonate. 

By another method (Germ. Pat. 140481)) basic load carbonate is produced 
by heating insoluble or lead salts soluble in water, with MgO and MgCG:! 
in presence of H.^O; the heating is best effected by steam. 

Lead carbonate is a white amorphous powder. 

9. Basic lead carbonate, sec White lead under “Lead colours”. 

10. Lead linoleate. Obtained by boiling PbO with linseed oil; see 
“Siccatives”. 

11. Lead manoanate. PbMn04. Obtained by melting a mixture of 
manganese oxide and lead nitrate. It forms a green glass, which becomes 
brown by the absorption of atmospheric moisture. 

12. Lead nitrate. Pb(N03)2. Obtained by dissolving Pb, PbO or PbCOj 
in dilute HNO3 and evaporating the solution. According to the Amer. Pat. 
754609 substances containing lead are heated with hydrofluosilicic acid and 
then a nitrate of the alkali metals is allowed to act upon the lead salt with 
formation of Pb(N03)2. 

Crystals of S. G. 4.5. 100 parts HgO dissolve 48 parts Pb(N03)2 at lOJ’, 

and 140 parts at 100® C. It is used to prepare nitrogen peroxide NOg as it 
readily decomposes when heated: 2 Pb(N03)2 = 2 PbO + 4 NOg + 0^. In 
much smaller quantities than the acetate it is used in calico dyeing and pnnting 
and in manufacturing lead colours; mixed with PbOg it serves as an 
igniter. 
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Tfst In order to determine the impurities the solution is precipitated 
with excess of HjSOi, concentrated by evaporation, the precipitated PhSO^ 
filtered off and the filtrate examined for Cu, Fc and Ca. , , . 

13 Leadoxai^tb. PbCA- Obtained by precipitating neutral stations 
of lead salts with oxalic acid. On heating it decomposes into Pb^U, CU and 
It forms many double salts. 


14. Lead oxides. . 

a) Lead monoxide (Litharge, massicot). Massicot is obtained by roastmg 
metallic lead or by heating PbCOa or Pb(N 03 ) 2 . Litharge is obtained in silver 

BvTnew process (Germ. Pat. 123222) PbO is made from galena by heating 
in the absence of air. A basic lead sulphate is formed which after cooling is 
converted into PbO by extraction with caustic alkalies. The alkali sulphate 
is removed by treating with hot water, the residual PbO dissolved in hot 
caustic alkali solution, and the solution reduced with Pb when PbO crystal- 


Massicot is a yellow amorphous powder; litharge when heated and cooled 
bIowIv is reddish, when rapidly cooled it is yellowish. 

b) IaEAD hydkoxide. Pb(OH) 2 . It is precipitated by NH 3 froin solutions 
of l(‘ad salts in microscopic white crystals. According to the Gerni. Pat. 
113310 a particularly good white lead (q. v'.) is produced by treating the 
precipitated Pb(OH )2 with CO.,. According to the Amer. Pat. 758023 Pb(OH), 
is made from PbS 04 , by treating it with an excess of caustic alkali. 

According to Hartmann (Germ. Pat. 130008) lead hydroxide is obtained 
electrolytically by using anodes of metallic lead and cathode.s of a metallic 
oxide (e. g. CuO); the oxide cathode prevents the jirecipitatioii of spongy 

c) Red oxide of lead (minium). rb304. fSee Minium uDder Lead 
colours’'. 

d) T.ead i>eroxide. PbO.. The action of dilute HNO3 on minium is 
shown by tlic equation: — 


Pb 304 + 4 HNO 3 = PbO., + 2 Pb(N 03 )o + 2 H^O. 


When Cl is conducted into alkaline .solutions of lead or when hypochlorites 
are added PbOo is obtained. According to a new method (Germ. Pat. 124512 
and 133379) PbO^ is produced electrolytically from PbO. Electrodes which 
are not attacked are used, separated by a diaphragm. The litharge (in the 
form of an emulsion) is placed in the anode chamber w hilc the cathode chamber 
contains NaCl solution. The conversion of PbO to PbO., is quantitative. 

According to the Germ. Pat. 140317, PbO., (together with metallic Pb) is 
obtained by the electrolysis of a concentrated .solution of lead nitrate. The 
nitric acid liberated at the anode is neutralized by the constant addition of 
PbO. The anodes are strong iron nettings, the cathodes iron rods covered 
with lead. The lead crystals settling on the cathodes are removed mechanically 
by pieces of wood. They collect on the bottom of the cell, while the PbOa is 
precipitated at the anode as a dense, solid covering. 

The Germ. Pat. 162107 uses natural or artificial lead sulphides which 
are electrolyzed in acidified HgO (or H 2 O rendered conducting by salt) so that 
the PbS is oxidized to PbOg. 

Pb 02 is a dark brown powder, insoluble in HgO, which has powerful oxidiz- 
ing properties. 

15. Lead persulphate {Plumbum persulfuricum) . PbvSaOg + 2 HjO, 
Obtained by the electrolysis of lead sulphate in H2SO4. So far it has been 
of little technical value. 

16. Lead sulphate. PbS 04 . It is obtained as a heavy white crystalline 
precipitate on addition of H 2 SO 4 or a sulphate to lead salts. It is soluble in 
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about 23000 parts of cold water, but in presence of H 2 SO 4 , it is almost 
insoluble. 

According to Germ. Pat. 155106 pure white basic lead sulphate is produced 
by volatilizing lead sulphide ores in a layer of glowing coke and introducing 
air immediately above this layer, so that the PbS is oxidized. 

17. Lead sulphide. PbS. It occurs widely distributed as galena. It is 
obtained by melting together lead and sulphur, or by wet methods, e. g. allow- 
ing HgS to act on a solution of a lead salt. 

18. Lead thiosulphate. PbSgOg. Obtained by the action of a solution 
of sodium thiosulphate on a solution of a lead salt. White powder, slightly 
soluble in water, more readily soluble in solutions of thiosulphates. It is U 8 ed 
as part of non -phosphorous ignition substances, and possibly also in vulcaniz- 
ing guttaforcha and caoutchouc. 

Of the plumbates the following should be mentioned: — 

19. Sodium plumbate. Na 2 Pb 04 . It is obtained by dissolving oxide of 
lead in soda lye. It is used to dye hair and horn, to produce temper shades 
on brass and bronze, and in the manufacture of sodium stannate. 

20. Calcium plumbate. Ca 2 Pb 04 . It is produced by heating an intimate 
mixture of limestone and litharge to a clear red heat at the same time intro- 
ducing a strong current of air: 

2 CaCOa + PbO + 03 = Ca2Pb04 -f 2 CO^. 

At low temperatures calcium plumbate is again decomposed when a current 
of CO 2 (furnace gas) is passed over it, oxygen being given off. This compound 
is therefore valuable as a source of oxygen (see special article). Much more 
important is, however, the use of this salt in the recent manufacture of phos- 
phorus-free matches striking on any surfaces; see the article on “Matches”. 

Lead soldering. The oxy-hydrogen blow pipe is used. The mixtures are 
coal gas and compressed oxygen, or compressed hydrogen and compresse d 
oxygen, or compressed hydrogen and blast air. As oxygen in large quantities 
promotes the oxidation of the metallic surfaces the last named combination 
— hydrogen and compressed air — is especially suitable. 

A flame produced by compressed hydrogen alone, burning in atmospliorio 
air, does not possess enough force. For this reason soldering methods observed 
so far have necessitated the use of a special air blast. Only by causing both 
gases, hydrogen and air, to escape with a certain force could the flame necessary 
in lead soldering be obtained. 

The Draeger works, Liibeck, have now succeeded in constructing a burner 
with the same effect as the flame of a double blast though it uses compressed 
hydrogen only. 

Drabger’s force burners are independent of the addition of air as they 
automatically suck the air necessary for combustion by reason of the 
velocity of the escaping hydrogen. This is effected just before the mouth 
of the burner by a system of unions. The soldering implements of this new 
method therefore consist of bottle, valve, tube, and burner. 

Leather. For preparation see “Tanning“, “Mineral tanning”, “Chamois 
dressing”. 

Various kinds of leather are made, e. g. sole leather, upper leather, saddle 
leather, morocco leather, kid, wash leather, &c. 

The process of Dreher is interesting in that the leather is prepared by the 
use of titanium salts and dyed at the same time. The hide is treated with 
solutions of titanium salts and tanning extracts to which dye extracts have 
been added, or the process is carried out with titanium salts, mordant dyestuffs 
and assistants. Salts of molybdenum have also been used for tanning and 
dyeing. See “Mineral tanning**. 
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According to Germ. Pat. 160236, dyestuffs alone are used as tanning 
materials in a quick process which is complete in 24 hours. According to 
the specification almost any aniline dye may be used. Considering the great 
variety in composition of these dyes the method seems to be open to consider- 
able doubt. 

Leather glue see “Glub“. 

Leather manufacturing. 

Barberry juice (for fine-leather.): 

Dr, Ernst Kumpf, Villach (Karnten), Austria. 

Leather meal see “Manures, artificial”. 

Leather oils see “Degras“. In addition to degras whale oil (blubber), stearine, 
tallow, bees’ wax and on account of its power of emulsifying with water, wool fat 
are also used in the preparation of leather. Mineral oils are not suitable. 

Leather substitutes. Various artificial products are used in place of leather, 
e. g. leather paper, imitation leather, artificial leather, emir factive, &c. 
In order to prepare these, leather scraps are shredded and then felted together 
in the wet state as in the manufacture of paper. The nature of leather may 
be imparted to textiles by treating them with paste and coloured varnish, 
drying, polishing, and finally coating them with copal varnish. In other cases 
the fabrics (textiles of linen, cotton, wool or pulp, paper, &c.) are steeped 
in solutions of caoutchouc or glue. When glue is used, the outer layer is 
“tanned” either by aluminium acetate or KgCrgO^, or by vegetable tannins. 
See also “Linoleum”. 

According to Germ. Pat. 140424, in order to prepare artificial leather 
unhaired leather wastes are soaked in lime water until they begin to decomjiose. 
They are then thoroughly washed, shredded in disintegrators, placed in a 
bath of ZnS 04 and dried in vacuo or in a current of dry air at a temperature 
not exceeding 70® C. During drying the mass is strongly compressed. 

Pegamoid is apparently prepared from nitrocellulose and camphor dissolved 
in some special solvent: the details of the process are kept secret. By trans- 
ferring or rolling pegamoid on to paper and linen, articles closely resembling 
leather can be obtained. It is used for floor coverings, furniture, purses, 
bookbinding, &c. 

Accounts have been given of a process for the manufacture of a leather 
substitute from rags or cotton. For this a patent has been applied for. The 
cotton waste is treated with 15 % NaOH, a portion of the liquid squeezed 
out, and the mass treated with carbon bisulphide until it is soluble in water. 

Surface-roughened or felt-like woven articles are impregnated in vacuo 
with an aqueous solution of the substance and after the cellulose is fixed, 
the articles are treated with solutions of caoutchouc or guttapercha and 
finally, in vacuo, with dammar or quick lime. The articles so prepared should 
exhibit leather-like properties throughout their structure in contrast to goods 
prepared by other methods. Nothing is known as yet as to the success of the 
process. See also Germ. Pat. 172474 and 179577 and French Pat. 370616 
and 371400. 

leblanc process see “Soda”. 

Pecithine. A glyceride of the fatty acids found widely distributed in the 
animal organism particularly in the brain, nerves, blood-corouscles and in the 
yolks of egg. There are several lecithines, that most easily obtained being 

Bliicher. 26 
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the one containing stearic and palmitic acids. It is regarded as an ester of 
choline glycerophosphoric acid combined with stearic and palmitic acid as a 
glyceride. Lecithine is usually obtained from the yolks of egg. A modification 
of the ordinary process is given in French Pat. 371391. 

It is a waxy, cirstaUine substance readily soluble in alcohol and ether. 
With water it swells up and gives an opalescent solution. 

Lecithine yields brom- and iodo-derivatives which like the parent substance 
are used medicinally. 

o 

Lemon juice. In order to prepare it the fruit is peeled, pressed, and after 
removal of the pips squeezed out in linen bags. The freshly prepared juice 
is heated and after cooling, shaken with talc. When the talc has settled the 
juice is filtered. In order to preserve it, it is boiled with 10 % Sugar and 
while still boiling poured into sterilized bot^s wliich are at once sealed. 

An artificial lemon juice is obtained by colouring an aqueous solution of 
citric acid. 

Test, Hensel & Prinke (Chem. Ztg. 1904, Rep. 39). A pure juice ob- 
tained from fresh fruit should contain not less theJn 5.2 % and not more 
than 7.6 % of acid. 100 g of juice should be coloured red-brown by the addition 
of 16 g of 10 % NH4OH. It should not become cloudy on the addition of 
BaClg. When 40 cem alcohol are poured on to 100 cem of the juice a white 
ring, due to the presence of albumin and pectine, should be observed. 

Lemon, oil ol. Obtained from lemon peel in the following way. The 
fruit is cut into four pieces and the peel removed. The latter is folded together 
and squeezed by a workman with his left hand against a sponge held in tlio 
right hand. The oil cells in the surface of the peel are broken and the oil is 
taken up by the sponge which is from time to time squeezed out into an earthen- 
ware vessel. After the water has settled the oil floating on the surface is re- 
moved and cleared by filtration. 

Pale yellow to greenish -yellow oil with a strong smell of lemon peel. S. G. 
0.858 to 0.861; B. P. about 177^; (a)D at 20® 60 — 64. In addition to tlie 
terpenes pinene and liraonene, the aldehyde, citral which imparts the 
characteristic odour to the oil, is also present. 

Artificial lemon oils have been prepared by different methods. According 
to Germ. Pat. 134788 the following compounds are mixed: — limonene and 
phellandrene 92 parts, 7 parts of a mixture of citral, citronellal, geraniol, 
geranyl acetate, linalool, and linalyl acetate and 1 part of a mixture of nonyl- 
aldehyde and octylaldehyde. The quantities of the aldehydes may be varied 
according to the smell desired. 

Lenicet. The trade name for a modification of aluminium acetate prepared 
by a patented process. A fine white odourless powder, soluble only with 
difficulty, with drying properties. Used in treatment of wounds and for 
perspiring feet. Sold in the form of powder, ointment, cream, &c. 

Lentapaper see “Photographic papers”. 

Lethalbine. A lecithine albuminate with 20 % lecithine. 

Leuconine. An antimony preparation containing 97.74 % sodium met- 
antimoniate, recommended as a substitute for the more costly tin oxide for 
enamelling. Investigation has shown, however, that some antimony is dis- 
solved by water, the acids in fruits, &o. 
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Leviathan see “Blbachino”. 

Levuretine. A purified dry yeast used medicinally. 
Ligroin see “Benzine”. 


Lime. (Under this name are included Limestone, Chalk, Quicklime and 
Slaked lime.) 

Quicklime or caustic lime is obtained by burning limestone at a white heat 
It is important that the COg be allowed to escape freely. The lime-burning 
takes place in kilns or furnaces of different types according as to whether 
tlie process is continuous or interrupted. In the former case the quicklime is 
withdrawn at intervals and further supplies of limestone are introduced 
while in the latter case the kiln has to become cool before the charge can be 
removed. ^ 


Quicklime obtamed from limestone, marble, chalk, &c. remains unchanged 
in dry air but m presence of moisture is converted into calcium hydroxide 
It IS used to assist the formation of slags in the smelting of ores, for the raanu- 
^cture of fire-proof crucibles, for removingwator from liquids, inglass making, 


When brought into contact with water quicklime is converted into slaked 
lime (calcium hydroxide Ca(OH)2). The “slaking” is accompanied by the 
evolution of a large amount of heat, and according to the amount of water 
used the slaked lime is obtained as powder, paste or as milk of lime. The 
filtered mdk of lime is known as lime-water. A special process for the pre- 
paration of pure, dry, powdery slaked lime is protected by Germ. Pat. 151949 
Calcium hydroxide readily takes up CO^ from the air with formation of 
OaoUa; upon this fact ^ based its use in mortars (q. v.). In consequence of its 

KOh” MW preparation of NaOH and 

^ NH4CI, &c. It IS used for making bleaching powder in 

and bleaching industries; in the manu- 
tacture of manures, for the purification of feed-water for boUers, as a disinfect- 
ant (XC., &c. 


quicklime. To estimate the free CaO 100 g of a good average 
sample are weighed and carefully slaked. The paste is then placed in a y, litre 
M which m filled up to the mark with water. 100 cem are withJraira 

intoaLth?r*v ‘he process. This is introduced 

ulto another % litre flask whmh is filloH un fr, t ak.. a.i i_i„ 



be carripd7iTor"T phenolphthalein as indicator) must 

appeam At with frequent shaking, untU the pink colour dis- 

not attack^ pomt the whole of the CaO is saturated while the CaCOg is 
not attacked. 1 cem i/io N. HQ = 0.028 g CaO. " 

by dbsoMn^ CaC03 present are determined 

aLuntofcfo^ W <^itrating back with V,o N. NaOH. The 

amount nf vtnn ^ deducted from the total and the 

T S' IS thus obtained. 

the ^ determined as described above. To determine 

in a datinnm ^ weighed in a closed weighing bottle and heated 

coolmg gently and then to a strong red heat. After 

the amount oT to water and COj is determined. By subtracting 

is determinA/? , •*?* previously found the water is calculated. Milk of lime 
If thft miiL ^ hydrometer by means of the following table, 
baa time the S G. must be read quickly before the lime 

to settle, if thick, the cylinder m which the S. G. is being determined 

26 * 
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De- 

grees 

Baum6 

Weight 
of 1 1. 
milk of 
lime g 

CaO 
in 1 1. 
g 

CnO 

weight 

V. 

De. 

grees 

Baum6 

Weight 
of 1 1. 
milk of 
lime g 

CaO 
in 1 1. 
g 

CaO 

weight 

7. 

De- 

grees 

Baum6 

Weight 
of 1 1. 
milk of 
lime g 

CaO 
in 1 1. 
g 

CaO 

weiglit 

V, 

1 

1007 

7.6 

0.745 

11 

1083 

104 

9.00 

21 

1171 

218 

Ifi f)i 

2 

1014 

16.6 

1.64 

12 

1091 

115 

10.64 

22 

1180 

229 

IQ 40 

3 

1022 

26 

2.64 

13 

1100 

126 

11.46 

23 

1190 

242 

20.34 

4 

1029 

36 

3.64 

14 

1108 

137 

12.36 

24 

1200 

265 

21.25 

5 

1037 

46 

4.43 

16 

1116 

148 

13.26 

26 

1210 

268 

22.15 

6 

1046 

66 

5.36 

16 

1126 

169 

14.13 

26 

1220 

281 

23.03 

7 

1062 

65 

6.18 

17 

1134 

170 

15.00 

27 

1231 

295 

23.96 

8 

1060 

75 

7.08 

18 

1142 

181 

16.86 

28 

1241 

309 

24.90 

9 

1067 

84 

7.87 

19 

1162 

193 

16.76 

29 

1262 

324 

25.87 

10 

1075 

94 

8.74 

20 

1162 

206 

17.72 

30 

1263 

339 

26.84 


must not be too narrow. The hydrometer is gradually introduced and th(* 
cylmder slowly rotated until the instrument comes to rest. 


Acetate of lime: 

Stora Kopparbergs Bergslaga Aktiebolag. Falun, Sweden. 

Limoneno see “Terpenes”. 

Linalool. A terpene alcohol of the following constitution:— 

CH. 

CH 3 I 

: CH . CHj . CHj . C(OH) . CH : CHj. 

CH 

It is a very frequent constituent of many essential oils: it occurs in both 
optically active forms. In order to prepare the laevo form oils containing 
Imalool are fractionally distilled and the fraction coming over between 190'’ 
and 195® collected. By treating coriander oil in this way d-linalool is obtained. 
It IS used for the preparation of linalyl acetate (q. v.) and is always present 
in good lily of the valley perfumes. 

Linalyl acetate. . C 2 H 3 O 2 . Prepared by heating molecular quantities 

of Imalool and acetic acid for some hours under a reflux condenser distilling 
m steam, washing with NagCOg and fractionating in vacuo. It almost in- 
Amnably accompanies linalool. Bergamot oil owes its characteristic smell to 
this compound which also has a marked influence on the odour of lavender oil. 

Linen (I lax). The bast fibre of the flax Linum usitatissimum prepared for 
spinning. The plants before they are quite ripe are spread out to dry and the 
seed shells and twigs removed by combing with iron combs. The bast fibre 
18 loosened by retting i. e. by a process of fermentation. The retting is carried 
out eith^ by dipping the bundles of flax into water or by steam and warm 
water. Ihe fibres are then separated from the wood by “bruising” i. e. the 
woody stem is broken by hammering with hammers, blunt knives or ribbed 
rollers. The flax fibres are finaUy scraped off the broken up stem (oakum, tow) 
and are spun to linen. The length of the fibre is 20—40 cm, and the width 
0.012 to, 0.026 mm. ' 

. dyeing. The linen fibre, so far as colours and dyes are concerned, 

IS very much like the cotton fibre. Therefore all that need be said about 
Imen dyeing will be found in the article on cotton dyeing and the articles 
mentioned. At the^ same time it should be remarked that on linen 
the dye should be if anything faster, as it undergoes washing more frequently 
than cotton. & 'i 
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Linoleum. This is a leather substitute (see special article) consisting chiefly 
of cork and wood dust, oxidized linseed oil, earth (mineral) colours, resin, 
various siccatives and jute. The cork dust is obtained from the wastes of 
cork works by means of cork breakers, mills, &c.; sand sieves, magnetic 
apparatus (to remove iron particles) and sifting machines are also used. 

The oxidized linseed oil is agitated by mixing rollers and then boiled with 
resin and drying media to form the so-called cement- The cement 
boilers used are of various descriptions. When the viscous liquid leaves the 
cement boilers it passes between two smooth rollers and is then received 
in boxes where it solidifies to cake. These cement cakes are now treated with 
cork or wood dust and mineral colours in different mixing machines, the last 
of which compresses the substance strongly. It leaves the machine in the 
shape of small sausages. These are flattened out between mixing rollers 
and finally broken up to a fine grained mass. On leaving the mixing houses 
the linoleum substance is pressed in calanders on to the jute base, great pressure 
and considerable heat being employed. After the surface is well pressed and 
smoothed the linoleum strips, known as cork carpets, are passed over coolers. 

The Engl. Pat. 5789 (1903) deals with the treatment of wood oil to obtain 
a substance suitable for the manufacture of linoleum: Chinese wood oil is 
h(;ated to 180° to 250^ and the resulting elastic solid product is mixed with 
linseed oil or some other drying oil or resin oil which may previously bo 
oxidized or solidified. Resins, oils, siccatives &c. may be added; mixing is 
effected by grinding or heating. The substance is said to have a much lower 
M. P. than pure solidified wood oil. 

The great advantages of linoleum (its durability and its properties as a 
non conductor of heat and sound) have in a short time made its use very wide- 
spread. When linoleum is to be laid over a wooden floor a freshly pre- 
pared paste of rye meal and dextrine made with boiling water is used. In case 
of cement floors, stone floors, &c. linoleum must be fastened by a special 
cement. 

Linoleum keeps exceedingly well if it is waxed slightly every two months' 

See also Germ. Pat. 175414 and 185182. 

Linseed oil. A fatty oil obtained by pressing or extracting the seeds of 
Linum usitatissimum. When the seeds arc pressed cold an almost colourless 
oil is the result (cold-drawn oil). This is used for culinary purposes. For all 
Purposes the pressing is done hot and is repeated two or three times. 
I he oil thus prepared is yellow and has a peculiar taste and odour; it quickly 
becomes dark brown and viscid and turns rancid. It is generally decolourized 
by treatment with a 30 % solution of FeS04 or with KOH followed by K2Cr207 
and HCl. In addition to these methods a process of exposing the oil in open 
vessels to the action of sunlight is sometimes adopted. Shaking with sea-sand 
and salt water is also carried out. 

The Engl. Pat. 26929 (1902) protects a process for preventing linseed oil 
rom becoming cloudy or gelatinous. The process consists in the addition 
or small amounts of some alkaline powder, e. g. CaO. 

oil is a drying oil: S. G. (at 15<>) 0.924 to 0.938; iodine number 

.5-— 141 ; saponification number 193.7. It is used principally in the manu- 
acture of varnishes (see Linseed oil varnishes), printing, cement and soap 
manufacture, &c. h t h, r 

varnishes. Oily varnishes made by boiling linseed oil alone or 
un substances which give off oxygen. The formation of a varnish depends 
pon the d^ing properties of the linseed oil. Oxygen is absorbed, 
1® thickens and finally hardens. During this process the linolic and 

Oleic acids are converted into oxy acids. The substances added to linseed 
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oil for making varnishes are, litharge, sugar of lead, oxides of lead, manganese 
hydroxide, manganese borate, raanganes edioxide. Recently metallic com- 
pounds of resin acids have been much employed for rendering the drying 
more rapid. See “Siccatives”. 

For making varnish oil extracted in the cold is best. It should be pale 
and clear in colour. It is boiled in pots, best by super heated steam or over 
an open fire. It is most frequently boiled with 3 % of litharge. The heat is 
kept up for several hours and the mixture is continually stirred. Varnishes 
which contain no lead are necessary for all objects which come in contact 
with H 2 S. They are prepared as above described, compounds of manganese, 
for instance 0,25 % manganese hydroxide or 1 — 2 % of manganous borate 
being added instead of the lead compounds. The prejpared oil varnishes 
increase in value by keeping. They also dry more rapidly if the heating during the 
manufacture is carried out at a high temperature. Linseed oil varnish is 
prepared also by a cold process as follows. 20 parts of oil are rubbed together 
with 1 part of litharge, and the oil then shaken With a clear solution of basic 
acetate of lead (1 part sugar of lead, 1 part litharge and 5 parts of HgO). The 
mixture is afterwards again shaken with dilute H 2 SO 4 to remove the lead. 
There is now a movement in favour of the cold thin fluid varnishes. In England 
and America especially the thick boiled varnishes are being superseded by those 
prepared in the cold, the reason given being that the durabuity of a painting 
is in proportion to its colour and varnish contents, and that a paint, with a 
high proportion of colour can be only made with thin unheated varnish. 

No details can be given of the many other methods of preparation of varnish, 
but mention should be made of the fact that linseed oil varnishes are sometimes 
treated with ozone. 

The purity of the oil is of great importance in the manufacture of varnish. 
It has been recommended to bleach the oil in sunlight, by exposing it in 
vessels with loosely filling covers. Another propostiion has been put forward 
to bleach the oil by shaking it together with sea sand and salt water. Experi- 
ments have also been carried out for purification by treatment with 
KMn 04 + HCl, followed by filtration through animal charcoal. According 
to Germ. Pat. 163056, the impurities are frozen out by cooling the oil to 
— 20® C, then heating carefully again not above 0® C ana finally filtering it off 
from the impurities. 

The high price cf linseed oil is the cause of the appearance of so many 
substitutes for linseed oil varnish. 

Germ. Pat. 129808 gives the following substitute. Fish, cod or whale oil is 
cooled with continuous stirring to — 5 to — 25® and the fluid part separated. 
This fluid is said to serve the same purpose as linseed oil. 

According to Germ. Pat. 104499 and 131964 castor oil is dry distilled. 
The residue which has good drying properties is used as a substitute for 
linseed oil. Another process (Germ. Pat. 141258) is to heat pine resin or 
colophony with concentrated H 2 SO 4 until the mixture no longer froths. The 
product of the reaction after dilution with refined mineral oil e. g. lamp oil 
forms a substitute for linseed oil. According to Amer. Pat. 729838 creosote 
oil or tar oil is stirred with a solid alkali, allowed to settle, the sediment drawn 
off, the oil washed repeatedly with water, the water removed and dry compressed 
air pumped into the oil which is then decomposed with PbO. The product is 
finally mixed with cotton seed or some other vegetable oil. 

Liqueurs see “Alcoholic liquors“. 

Liquor anthracis. A tar solution obtained by dissolving coal-tar in a mixture 
of benzene and alcohol. A solution of potassium sulphide is frequently added. 

Liquor anthracis is used in the treatment of various diseases. 
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Lithio piperazine. A preparation of piperazine and lithium salts combining 
the solvent action on uric acid of the former with the diuretic properties of 
the latter. Daily dose 1.0 to 3.0 g. 

Lithio piperazine: 

Dr. C. L. Marquart, Chem Fabrik, Beuel a. Rhein (Germany). 


Lithium and Lithium compounds. 

LiTmuM. Li. Atomic weight = 7.03. Silver-white light metal, S. G. 0.69, 
the lightest of all solid substances; M. P. 180®. It is closely related to Na, 
in the metallic state as well as in its compounds; it decomposes HgO at ordinary 
temperatures. Above 200® it ignites in the air and bums with an intense 
flame. The metal is obtained by the electrolysis of lithium chloride. It has no 
industrial importance. 

Lithium compounds. They occur as silicates in small quantities in several 
minerals, for instance petalite, lepidolite and spodumen; together with Na 
and K they are present in most mineral waters containing common salt. 
From these they reach the animal and vegetable organism. Lithium com- 
pounds, like lithium chloride LiCl, lithium bromide LiBr, lithium carbonate 
LijCO.,, lithium sulphate Li 2 S 04 and others are used therapeutically. Lithium 
carbonate is used, in consequence of its property of dissolving uric acid, in gout, 
gravel, stone, &c., partly as such, partly in the form of mineral waters con- 
taining lithium. Lithium salicylate has been recently used more than the 
carbonate as it is more readily assimilated by the stomach. 

Citrate of Lithium: 

Dr. C. L. Marquart, Chem. Fabrik, Beuel a. Rhein (Germany). 

< * 

Lithofracteur see “Dynamitb**. 

Lithographic colours. 

Lithographic colours: 

E. T. Qleitsmann, Dresden, Germany. 

Lithopone see *‘Zinc colours**. 

Litmus. A blue dyestuff obtained from various species of lichens.T The 
plants are crushed and allowed to ferment with potashes and ammonia water. 
When the mixture has turned blue sufficient gypsum and chalk are added and 
the pasty mass moulded into cubes which are dried in the air. \ 

The most important constituent is azolitmine which in the free state is red, 
while its alkali salts are blue. 

Litmus is used only as an indicator. 

Logwood (Campeachy wood). The heart wood of the American Haerm- 
^xyhn campechianum. The colouring matter, haematoxylin, forms yellow- 
ish, transparent crystals and is converted by oxidation into the dyestuff 
fhe oxidation takes place in the presence of aqueous solution of 
alkalies. According to the strength of the oxidizing agent the colours obtained 
can be varied. With alkalies a violet-blue shade is obtained! which owii^ 
to the formation of dark coloured, insoluble lakes can be changed by metallic 
salts. Chromates and copper salts give blacks. Logwood extracts are obtained 
Dy extracting the wood with water and concentrating in vacuo, ^ By heating 
with formaldehyde a chemical compound is obtain^ (Germ, 
^at. 165630). By the action of solutions of alkali nitrites on dilute logwood 
extracts a soUd dyestuff is obtained (Germ, Pat. 162010 and 162726). 
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Lokao (Chinese green). A lac obtained from the bark of Rhua utilis. 
It is not used in Europe, but is employed in China for the production of beautiful 
shades of green on silk and cotton. 

Loretine = m-iodo-o-oxy-quinoline-anasulphonic acid. C9H4NI(OH)S()3H. 

According to the Germ. Pat. 72924 o-oxyquinoline is sulphonated; the 
sulphonic acid is neutralized with KgCO^ in aqueous solution, boiled with 
Ki and bleaching powder and the cooled mixture again finally neutralized with 
HCl. The Ca salt of loretine which separates is washed and the free acid 
obtained by adding HCl. 

Sulphur-yellow crystalline powder, almost odourless and tasteless, slightly 
soluble in HgO and alcohol. It is used in treating wounds as an odourless 
and non-poisonous substitute for iodoform. Sodium and bismuth salts (the 
latter internally for chronic diarrhoea) are used. 

Loretine has been recently used in another form; see “Griserine". 

Losophane = Tri-iodo-m-cresol. C6H(T3)OHCH3. It is obtained by the 
action of potassium iodide on the sodium salt of o-oxy-p-toluic acid. It forms 
colourless odourless crystals, almost insoluble in HgO. It is used externally 
in skin diseases, gatherings, &c. 

Lunar Caustic (Silver nitrate). Obtained by dissolving work-silver in 
nitric acid. In order to remove the copper, the solution is evaporated to 
dryness, igrited gently (to convert the Cn(N03)2 intoCnO), extracted with 
water and the solution evaporated antil it crystallizes. The crystals are 
as a rule melted and cast into sticks. 

Pure white rhombic tables M. P. 218 ®. The crystals when exposed to 
light turn violet. Silver nitrate exerts a caustic action and is poisonous 
it is used in medicine and photography, for the preparation of silver 
mirrors and for other purposes. 

Lupuline see “Hops“. 

Lustring see '"Silk dyeino“. 

Luteoline see “Weld“. 

Lycetoh CeHi4N2 . C,He04. According to its constitution it is dimethyl - 
piperazine tartrate 

Produced by neutrali- 
zing dimethylpiperazine 
with tartaric acid. A 
colourless crystalline 
powder M. P. 260 ® C, 
easily soluble in HgO. 

In conse quence of its 
strong solvent action 
on uric acid it is prescribed in cases of gout and chronic rheumatism, in doses of 
1 to 1.6 g, twice daily in a glass of water to which 1.5 g M4CO3 are added. 

Lyddite see *‘Picric acid**. 

Lygosine preparations. Lygosine is di-o-dioxydibenzalacetone. It is pre- 
pared in the form of its Na salt, by the condensation of salicylic aldehyde with 
acetone in presence of strong soda lye. The sodium salt and also the quinine 
salt are used for medical purposes, both in the treatment of wounds (as powder, 
gauze and ointment) ana in the form of douches in cases of uterine gonorrhoea. 

Lysalbinic acid see “Protalbinio acid**. 

Lysargine. A new name for colloidal silver (see Collargol). It is prepared 
by the use of protalbinic acid (q. v.) and lysalbinic acid, forming magnificent 


NH _ 



CH3 — CHf'^CHg 

CH(OH) 

1 

— COOH 

JcH - 

- CH3 . CH(OH) 

— COOH 
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steelblue leaves dissolving freely in water to give a yellowish-brown coloured 
solution. 


CHj — N. 

Lysidine = ethylenethenyldiamine | ^CCHg. 


By dry distillation of sodium acetate with ethylenediamine hydrochloride, 
ethylcnethenyl hydrochloride is obtained from which the free base is readily 
set free by treatment with concentrated KOH solution. Long, white, very 
hygroscopic crystalline needles; M. P. 105 — 106^0, readily soluble in H 2 O, 
alcohol and ether. By reason of its solvent action on uric acid it is prescribed 
for diseases of the kidneys and bladder and for gout. 


Lysoform (Liquor formaldehydi saponatus). Solution of formaldehyde 
in alcoholic potash soap solution. Germ. Pat. 141744 protects the method 
of manufacture of a similar preparation with aqueous potash soap solution, 
while the Suppl. Germ. Pat. 145390 deals with the treatment of formaldehyde 
with potash soap under pressure in the absence of any solvent. 

Lysoform is a disinfectant. 


Lysol (Liquor cresoli saponatus). Disinfectant, effective in consequence 
of the cresols (q. v.) contained. The property of being soluble in HgO is 
imparted by treatment with soap or by boiling tar oils with KOH lye and fats. 
A 0.5—2 % solution is much used for disinfecting the skin and mucous mem- 
branes, in surgery and veterinary medicine for destroying plant parasites, for 
cleaning floors, walls, &c. 

bytrol. A new liquid disinfectant with only faint poisonous properties. 
It is an alcoholic solution of potassium /9-naphtholate equal to 20 % d-naphthol. 
It is used like lysol. 


M 

Mace, oil of. (Oleum macidis). Obtained by distillation of the seeds of 
Myristica officinalis. It is an essential oil, colourless or pale yellow turning 
to brown, clear and somewhat viscid with a strong smell and a mild 
taste with an after - taste that is sharp and aromatic. S. G. (at 15®) 
0.91 to 0.93; B. P. 175® to 200®; (a)p= -f 10®. The main constituents are 
myristicene and pinene. It is used in perfumery and in the manufacture of 
liqueurs. 

Mafurrah tallow see “Tallow, vegetable”. 

Magnalium see “Aluminium alloys”. 

Magnesia articl^. Experiments in the laboratory of the Kgl. Porzellan- 
nianufactur, Berlin, have shewn that commercial articles of many kinds 
f ven those of large dimensions satisfying the demands of various branches of 
industry can be made of pure magnesia. It is for instance possible to make 
pipes 80 cm long, 7 cm in diameter 7.5 mm thick, and vessels up to 50 cm high 
^®^^eter and thickness. Tests as to their safety have shewn them 
ot to ^eak nor change shape even when suddenly heated in the oxygen blow 
pipe. Pipes of pure magnesia shewed no depreciation nor electrolysis at a 
emperature of 1760® C in the electric furnace. In appearance these 
rticles of pure magnesia are much like tempered porcelain. 

b . A mineral crystallizing in rhombohedra which occurs 

“ in grains and in the massive state. It consists of magnesium 



394 


Magnesium. 


carbonate MgCOg, though frequently contaminated with basic carbonates, 
iron compounds, &c. S. G. 2.9 — 3.1, hardness 4 — 4.5. Magnesite is used 
for the preparation of other compounds of magnesium and COg and for the 
manufacture of fireproof vessels, bricks, and cements. For the three last 
mentioned purposes it is converted into magnesium oxide MjgO by heating. 
For this reason magnesia is frequently termed burnt magnesite. 

Magnesite: 

Willy Manger, Dresden, Germany. 

Magnesium. Mg. Atomic W. = 24.36. Formerly prepared by the reduction 
of MgClj with Na; at present, however, it is produced solely by electrolytical 
methods, partly by the electrolysis of MgCla and partly by the decomposition 
of carnallite (KCl . MgCIa 6 H 2 O). Either a cast steel vessel is employed 
for the electrolysis or one of copper is used which serves as cathode at the same 
time. Also vessels of non-conducting materials, such as porcelain, eartlien- 
ware &c., have been used, cylindrical metal sheets acting as cathodes. Almost 
invariably carbon is used as anode. 

Mg is a silver- white metal that does not change in dry air though it oxidizes 
slightly in moist air, S. G. 1.70. The hardness is the same as that of calc spar. 
Melting point 700 — 800® C. It can be hammered, rolled, filed, polished, 
drawn to wire, is not dissolved by alkalies but readily by dilute acids. In thin 
ribbon or powder it bums with a white flame of strong actinic power, whieli 
is much used for purposes of projection and photography (flash-light). Beyond 
this, Mg is but little used except (recently) in the ^ape of magnalium, i. e. an 
alloy of A1 (see ,, Aluminium alloys“). 

Magnesium: 

Johnson, Mathoy & Co. Ld., Hatton Garden, London E.C. (see advt.). 

Magnesium compounds. 

1. Magnesia see 11a Magnesium oxide. 

2. Magnesium acetate. Mg(C 2 H 302 ) 2 . Prepared by treating MgCO, 
with acetic acid, and in the purest form by the precipitation of MgS 04 with 
barium acetate. It is an easily soluble salt which crystallizes badly; sold 
in solid form and in solution. 

3. Magnesium borate. Occurs naturally in many minerals, e. g. boracite, 
stassfurtite, &c. It is artificially prepared by boiling a mixture of magnesium 
sulphate and borax. A white salt MgoBgO^ . H 2 O separates, which re-dissolves 
on cooling. By fusing a mixture of MgO with excess of boric acid at a very 
high temperature tha same compound is formed in the anhydrous state. 

4. Magnesium carbonate (Magnesia alba), Mg CO3. Occurs as 
magnesite (q. v.) and combined with CaCOg as dolomite. From the latter 
magnesium bicarbonate (MgHCOg) is produced by burning, and then super- 
saturating with COj. The Mg is dissolved before the Ca. The carbonate is also 
produced from MgO + NaHCOj^ with water. According to Germ. Pat. 1425 o 8 
powdered carbon or paraffin is added to the aqueous emulsion of burnt 
magnesite under pressure. This is done to increase the yield ; the carbon powder 
or paraffin retains the COg and separates the magnesite particles. 

According to the Engl. Pat. 25776 (1901) magnesium carbonates of certain 
compositions and physical properties are precipitated by adding the calculated 
amount of calcined magnesite to a filtered solution of MgHUOg. The tem- 
perature of precipitation is of considerable importance. If for instance normal 
MgCOg is required in heavy crystalline form the requisite amount of calcined 
magnesite is added to the cold MgHCOg solution. The mixture is then shaken 
and warmed to about 74® C. 

The preparation of magnesium carbonate with 3 HgO is the object of the 
Germ. Pat. 143594, 144742 and 159870. According to the first of these, 
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it is obtained by the action of gases containing CO2 on moist magnesium 
hydroxide : the gases, must be present in large excess and the amount should 
be increased as the iformation of MgCOg proceeds. According to the second 
patent magnesium hydroxide is moistened with dilute potassium chloride 
solution and treated with CO- at 40° C. The third patent allows the gases 
to act under a pressure of at least 3 atm. 

See “Potash^'. 

Magnesium carbonate is a white substance, very light when prepared by 
the ordinary methods. It is used medicinally, as tooth powder, polishing 
j)Ovvder, cleaning powder, and for the preparation of MgO and COg. 

5. Magnesium chloride. MgOg- Technically prepared from the residual 

lyes of the Stassfurt potassium chloride works where camallite (and kainite) 
are treated. The lye containing MgClg^ MgS04 is evaporated in 

wrought iron pans to 42° B6, and on cooling crystallizes and MgCl, . 6 HgO 
separates. Fused MgClg is obtained by melting this compound in furnaces, 
and also by evaporating the residual lye to 46° Be. — According to Germ. 
Pat. 161662 crystallized MgCl2 -f 6 HgO is dried by heating for 6 hours at 
a temperature of 126 — 175° C in vaevx), 

6. Magnesium citrate. Mg-JC^HgOy),. Produced from MgCOj and citric 
acid. It is obtained in a crystalline form by allowing the solutions to run into 
alcohol. Technically however it is generally produced as follows : A powdered 
mixture of 106 parts citric acid and 30 parts burnt magnesia is carefully 
melted at 100 — 105° C and while soft poured on to a china slab; when cold 
the mass is ground to a fine powder. 

7. Magnesium hypochlorite see Bleaching. 

8. Magnesium nitrate. Mg(N03)2. It is obtained by neutralizing MgO 
with HNO, and evaporating. The result is monoclinic crystals of the con- 
stitution Mg(N03)2 + ^ H2O, which deliquesce in moist air and dissolve 
in alcohol. Magnesium nitrate is especially used in the preparation of in- 
candescent gas mantles to render the tops of the mantles more rigid. 

9. Magnesium olbate. Obtained by saponification of the glycerides 
of oleic acid with MgO or MgCOg. With other things it is used as an addition 
to benzene in chemical cleaning works to lessen the inflammability. See also 
“Antibenzene pyrine'". 

10. Magnesium oxides. 

a) Magnesium oxide (Burnt magnesia. Magnesia usta), MgO. It is 

obtained by heating magnesite or artificially prepared MgCOg. The MgO 
obtained from the latter is denser, the higher the temperature and the denser 
M When MgCOg is precipitated hot the result is the socalled 

Magnesia usta ponderosa sive anglica. This is a very dense, absolutely 
white MgO, with an asbestos-like lustre and of considerable hardness. 

b) Magnesium peroxide. MgOg. Obtained by the action of sodium 

NagOg (see “Sodium compounds'") on MgS04. There are also other 
methods of production which (in part at least) are kept secret. According to 
the -^er. Pat. 709086 a cold sli^tly acid solution of magnesia (e. g. MgClg 
solution) is treated with barium peroxide or its hydrate, the resulting pre- 
mpiute of MgOo is filtered, washed and dried. According to Germ. Pat. 179981 
18 added to a solution of MgClg at a temperature below 20° C. The 
product containing 27 — 30 % MgOg is precipitated by alcohol in the form of 
^ Powder. If the temperature is lowered by adding NH4CI and ice the product 
contains 35—40 % MgOg. According to Hinz" method (Germ. Pat. 151129) 

IS prepared electrolytically in a c^ fitted with a diaphragm. The anode 
pace contains aqueous MgClg solution, the cathode space a mixture of hydrogen 
solution. When the current (6 — 7 volts) passes, MgO, 
^ readily at the platinum cathode, from which it drops back into the 

ctrolyte, and is collected, washed and dried at a moderate heat. 
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According to Germ. Pat. 171372 (Merck) pure dry MgO is mixed witli the 
requisite amount of chemically pure H2O2 and allowed to stand for a day. 
(The initial rise of temperature is checked by cooling.) A paste of MgO, 
is obtained which is drained and dried at a moderate temperature. 

According to French Pat. 354249 (Kirchhoff and Neirath) commercial 
H2O2 is allowed to act upon MgO or precipitated Mg(OH)2. 

MgOo is used instead of H2O2 in bleaching and is not quite as alkaline as 
the latter. It is also used medicinally, internally in cases of gout and externally 
for wounds and skin diseases (in the form of ointments). 

The MgO.2 prepared by Hinz' is sold under the protected name “Novo 
2one”. — See 12 . Perhydrol of magnesia. The pure MgOg of Kirchoff and 
Neirath is sold as Hopogan and that of Merck as magnesium perhydrol. 

11 . Magnesium PHOSPHATE. MgHPO^ + 7 H2O. Prepared by precipitat- 
ing a solution of MgS04 with Na2HP04. White crystalline powder, sparingly 
soluble in H2O, converted by heat into magnesium pyrophosphate MgaPoO,; 
when boiled with water it decomposes into trimagnesium phosphate 
Mg3(P04)2 . 7 H2O and H3PO4. . ^ 

12. Magnesium silicate. It is found m various compounds in many 
minerals, partly hydrated, partly anhydrous. Some of these are talc, meer- 
schaum, serpentine, olivine, the double salts augite, hornblende, asbestos, &c. 
A white gelatinous precipitate 3 MgSiOg . 5 HgO is produced by precipitating 
solutions of magnesium salts with sodium silicate. 

13 . Magnesium sulphate (Epsom salts). MgS04. It is chiefly produced 
from Abraum salts (q. v.). The sparingly soluble kieserite MgS04 -f- HoO 
is separated from the clilorides by washing. Magnesium sulphate, which crystal- 
lizes with 7 H2O, is purified by re*crystallization from hot HgO. 

According to the Amcr. Pat . *^7 14984 a Mg-compound, which is decomposed 
by S0.2 4- H2O is subjected to the action of sulphur vapour SOg, atmospheric 
air and moisture, so that MgSOg and MgS04 are formed. The MgS04 which 
is soluble in H2O is then separated from the insoluble MgSOg and the latter 
converted into MgS04 by oxidation. 

Magnesium sulphate (MgS04 -d- 7 H2O) is a salt crystallizing in colourless 
rhombic prisms with an intensely bitter taste. 100 parts H2O dissolve about 
25 parts at 0 ®, 30 parts at lO^’, 35 parts at 20 ^ nearly 50 parts at 60 ^ and 
135 parts MgS04 at 105 ^ (saturated solution). It is used in the preparation 
K2SO4 and BaS04, for dressing cotton fabrics, for weighting silk and paper 
for whitening wool, and as a drug. 

14. Magnesium sutj’hite. MgSOg -f 0 HjO. Obtained by decomposing 
MgCOg with SO2 in presence of HoO, or by mixing and heating the solution 
of equal iiarts of crystalline MgSO^ and crystalline NagSOg; in the latter case 
MgSOg -f 6 H2O separates when the solution cools. The salt must be kept 
from the action of air and moisture as it easily becomes oxidized to sulphate, 
1 part dissolves in 20 parts cold HgO. Magnesium bisulphite MgH2( 803)2 

be obtained by passing SO2 into water in which MgO is suspended. 

15. Magnesium thiosulphate. MgSaOg. Obtained by treating solutions 
of magnesium salts with calcium thiosulphate CaSgO,^ or sodium thiosulphate 

Na 2 b 203 . 

Magnetite lamps. A modification by Steinmetz of the electric arc lamp- 
The electrodes are of magnetite powder (mixed with titanium and other 
substances) stamped out in iron tubes. 

Magolan (Calcium anhydrooxydiaminephosphate) . An organic compound 
containing phosphorus recommended for treatment of Diabetes melhtus. 

Maize starch see “Starch“. 

Malabar tallow see “Tallow, vegbtable“. 
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MaHrine Acetophenonephenetidide. CeH 5 C(CH 3 ) : N . CeH 40 C 2 H 5 . Tt 
. prepared (Germ. Pat. 87897) by heating equivalent amounts of acetophenone 
and paraamidophenetol under a reflux condenser in presence of a condensing 
atrent (this last named is not essential). 

^Pale yellow crystals, with a faint aromatic taste. M. P. 88®: almost in- 
soluble m water, readily soluble in ether and hot alcohol. It is used as an 
antipyretic and antineuralgic. 

Malonal. A preparation intended to replace veronal (q. v.). 


Malt. Under this name is understood grains of corn which have been caused 
to sprout. During the process diastase is formed. Diastase is a ferment 
which has the property of converting starch into sugar. Only barley malt 
is used in the manufacture of beer. For making spirits, however, in addition 
to barley, malt of wheat and rye is also used. The method of preparing the 
malt is given in detail with tables in the article on Beer. First the barley 
is steeped in a cemented or iron steeping trough, 130 litres of water being 
used for every hi of barley. The average time for steeping is 60 — 72 hours. 
The temperature during this time should not exceed 15® C. 

The swollen barley is then removed from the trough, spread out on a 
withering floor and turned about at regular intervals. The temperature in 
the malting room should be between 7 and 10® C. Inside the heaps the tem- 
perature will be much higher, but should never exceed 15— 19® C. The barley 
is allowed to germinate for 5 — 6 days if for making spirits ; if for beer the 
process is allowed to go on for 7 days. 

Instead of shovelling the com about on the malting floor, use is now made 
of the newer method, the so-called mechanical pneumatic malting process. 
The steeped barley or corn is placed in drums or boxes, through which an air 
current of a certain temperature and containing the requisite amount of moist- 
ure is conducted. The drums or cylinders rotate; the boxes have a turning 
apparatus inside. The moist (“green malt”) if intended for spirits is best 
used at once, while that intended for brewing must first be dried. After 
drying, the bean-like taste of malt disappears and the product of the roasting 
acquires the peculiar aroma so valuable for the flavour of the beer. At the 
same time the sugar contents increase, while the water sinks from 40 % to 
2 %. Malt driers of very varied constructions arc used. Formerly smoke 
dritTs or kilns were much in use; in these the malt itself came into contact 
with the hot gases. At present all, or at any rate most malt is air-dried. Com- 
pare also the article on Drying. The warming of the malt must be done 
very gradually. It is first made air-dry at 30 — 37®, then heated further to 
75® and finally roasted at 80 — 100® according to the kind required. The dried 
malt is then cleaned in a winnower and thus freed from the shoots which cause 
a bitter taste. The last process is the grinding of the cleaned malt in special 
mills. 

In order to give a dark colour to beer a malt is used which is obtained by 
roasting malt that has been moistened and again dried in roasting cylinders 
at a temperature of 150 — 200® until caramel is formed. For pale beer the 
green malt is allowed to develop sugar and is then roasted at the lowest 
possible temperature. * 


Malt extract. Obtained by soaking ground malt in water, pressing and 
concentrating in vacuo. It forms a yellowish-brown liquid containing diastase 
which is used alone or mixed with other substances (e. g. iron, quinine, iodine, 
^ oil, &c.) as a strengthening agent, &c. 

Other malt preparations are used for similar purposes. 
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Malt extract Vaouam apparatus: 

Friedrich Heckmann. Berlin SO. 16, Briickenstr. 6b (see advts.). 

Volkmar Haenig & Comp., Heidenau-Dresden, Germany (see front part advt.). 

Malt syrup Vacuum apparatus : 

Friedrich Heckmann, Berlin SO. 16, Briickenstr. 6b (see advts.). 

Manganese. Mn. Atomic weight = 54.94. Obtained from the oxides by 
reducing with finely divided carbon at white heat. It is most conveniently 
obtained by means of the electric furnace, adding lime and fluor-spar to 

E revent oxidation. The metal may also be obtained from MnClg by Na or 
y electrolysis. The simplest method of obtaining pure carbon-free Mn 
is by igniting a mixture of aluminium and manganese oxide (Goldschmidt’s 
metnod of aluminothermy, see “Thermite'*). 

A greyish-white metal of variable hardness (approximately like steel). 
It is brittle and can be powdered. S. G. 7.8 — 8; M. P. about 1900® C. It 
oxidizes rapidly in moist air and decomposes HgO ; it is dissolved even by weak 
and by dilute acids. Mn is harder and less attacked when C or Si is present 
It is used to add to other metals, especially to iron and copper (see “Manganese 
alloys”). 

Manganese alloys. Ferromanganese and manganese steel will be found 
under “Iron alloys”, manganese bronze under “Bronzes”. 

1. CuPROMANGANESB. Obtained by the simultaneous reduction of the 
oxygen compounds of the two metals. It is produced with 20 and 30 % Mn, 
free from iron, or with 2 — 4 % iron. It is chiefly used to make manganese 
bronze (see “Bronze”). 

2. Manganine. Alloy of 12 % Mn, 84 % Cu and 4 % Ni. Coefficient 

of expansion 0.00001 — 0.00002. Specific resistance 0.43 ohm In 

mm2 

consequence of its high specific resistance it is used for electric resistance 
measures and regulators. The. temperatures between 10 and 30®, i. e. those 
generally met with in electric measurement produce an alteration of the 
resistance which is small enough to be neglected even in accurate work, as 
it amounts to db 0.00001 of the whole resistance per degree C. 

3. Manganese aluminium bronze. The Germ. Pat. 144340 protects the 
preparation of such bronzes, the contents of aluminium amounting to half that 
of manganese (10 % and less); Pb, Zn or Ni &c. may be added to increase 
its casting qualities or to affect other properties. 

Manganese Brass: 

Jenequel A Hayn, Hamburg. 

4. Magnetisable manganese alloys. According to the Germ. Pat. 
144584 manganese alloys of high magnetic properties are obtained by intro- 
ducing the elements Al, Sn, As, Sb, Bi or B into cupromanganese; the alloys 
must contain at least 3 % of the elements above mentioned and as a rule not 
less than 9 %. 

5. Delalot’s alloy. 80 parts Cu, 2 parts Mn, 18 parts Zn and one part 
calcium phosphate. At first the copper is melted, the manganese is gradually 
mixed in, and the calcium phosphate after the latter is dissolved. The slag 
is removed and the zinc added about 10 minutes before casting. To further 
the melting process 14 P^^t of calcium fluoride, % part borax and one part 
charcoal may be added. 

Manganese colours. 

1. Manganese white (Manganous carbonate). MnCOg. MnCl 2 > 
portant by-product in the manufacture of chlorine (q. v.), is used as a starting 
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point. The manganese liquors are precipitated with NagCOg. At first only 
a little soda is added to precipitate the iron and after settling the liquid is 
drawn off and then completely precipitated. 

2. Manganese violet (Nuremberg violet, manganic phosphate). Pure 
MnOg is fused with H3PO4, the melt extracted with ammonium carbonate, 
filtered and evaporated. The residue is then fused again. After boiling again 
with HgO the fine violet paint is obtained. For Umber and similar natural 
manganese colours see MLineral colours, natural . 

Manganese compounds. 

1. Manganese acetate. Mn(C2H302)2- Obtained by treating MnS04 
with lead acetate or calcium acetate. Obtained pure by dissolving MnCOa 
in acetic acid and evaporating to crystallisation point. It is sold either in 
solution, or crystallized with 4 HgO. The crystals are reddish and are soluble 
in HoO and alcohol. 

2. "Manganese borate. MnB407, generally called Siccative. For its 
preparation MnCU solution from the manufacture of Cl (see under “Manganese 
colours”) is used; the iron is precipitated with milk of lime and the clear 
solution allowed to run into borax solution at not more than 40 ® C; by adding 
a little NH3 the precipitate becomes more dense. It is dried at a gentle heat. 
The preparation contains as a rule a little common salt and borax as the pre- 
cipitate would otherwise turn brown when washed. It is used as an excellent 
siccative mixed with dissolved linseed oil and resin, for impregnating 
leather. It is also used in the preparation of nickel, &c. 

3. Manganese carbonate. MnCOg. Occurs naturally as manganese spar, 
obtained artificially by precipitating a solution of a manganous salt with 
^^3003. It is white hydrated powder. 

4. Manganese chloride. MnCU. As pointed out it is obtained com- 
mercially from the waste liquors of the chlorine industry (manganese dioxide 
method, see “Chlorine”). It is prepared by evaporating the liquors to 
remove HCl, diluting with HgO and then adding NagCOg solution to the 
fourth part of the liquid. The MnCOg precipitated is after washing boiled 
with the rest of the liquid, the Mn dissolves again while the Fe is completely 
separated as Fe2(OH)g. When the solution is filtered and evaporated light 
red crystals of M11CI2 + 4 HgO form which deliquesce in the air. It is used 
in dyeing. (The chlorine waste liquors are chiefly used to recover MnO,, 
see “Chlorine”.) 

^^^^^^^nese resinate. It is prepared by melting and precipitating 
(see ‘Siccatives”), and is an important drying medium in the manufacture 
of varnishes, &c. 

Manganese olbate. An important dryer in the manufacture of var- 
nishes, &c. 

7 . Manganese oxalate. MnC204 . 5 H2O. Obtained by precipitating 
concentrated solutions of manganese salts by treating moist manganese 
oarbonate with an aqueous solution of oxalic acid. White crystalline powder, 
sparmgly soluble in HgO. Considered an excellent siccative, 
o. Manganese oxides. 

a) Manganous oxide. MnO. Obtained as a greyish-green powder by 
eating manganese oxalate or manganese carbonate in hydrogen ; or by heating 

? compounds with exclusion of air. It is used as a green paint. 

o) Manganese SESQxnoxiDE. Mn-Og. Obtained by gently heating man- 
banous nitrate, and also from the chlorine liquors. It is a dark 
brown powder. 

ar^T HYDROXIDE. Found naturally as manganite and produced 

ojddation of manganous hydroxide in the air. The latter is 
p auced by precipitating solutions of manganese salts with NaOH. Manganese 
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hydroxide is a dark brown powder, used for dyeing textiles, also as a porcelain 
colour and as an ingredient in boiled linseed oil for varnishes. 

d) Manganese dioxide. MnOj. Occurs naturally as pyrolusite (q. v.). 
It is prepared artificially from chlorine liquors. It is a dark bro^n 
or black powder, decomposing when heated with evolution of 0 . Dissolves 
in HCl with evolution of Cl. 

e) Manganese trioxidb. MnOg and Manganic acid H 2 Mn 04 are without 
industrial importance. 

f) Manganese hbptoxide MngO, and Permanganic acid IIMnO^ 
are without technical importance; for the permanganates see under the 
respective metals.) 

9. Manganous sulphate. MnS 04 . Obtained by dissolving manganese 
carbonate in dilute H 2 SO 4 ; also by heating equal parts of pyrolusite and 
anhydrous FeS 04 and extracting with HgO, and by several other methods. 
It forms crystals of a delicate pink colour with 4 — 7 H^O, according to the 
temperature of formation. It is used in dyeing, porcelam painting, and tlic 
preparation of other manganese compounds. 

Manganese Compounds: 

Willy Manger, Dresden, Germany. 

Manures, artificial. Artificial manures are generally classified according 
to their composition into four or five classes, those containing potassium 
(potash manures), lime (lime manures), nitrogen (nitrogenous manures), 
phosphoric acid (phosphatic manures), and finally those which are mixtures. 

1. Potash manures. 

Potash manures are the abraum salts (q. v.) including crude kainite, 
potassium magnesium sulphate, potassium sulphate, potassium magnesia 
(potash manure) and concentrated potassium salts obtained by calcining 
salts containing less potassium (especially potassium chloride). Carnallite 
and kieserite are also used as manures. 

2. Lime manures. 

Where the soil contains little lime various calcium compounds, especially 
calcium hydroxide and calcium carbonate are used for manuring. According 
to experiments of Gerlach and Schulze calcium carbide residues can be 
successfully used as lime manures without harm. 

@ ^ 3. Nitrogenous manures. 

The manures containing nitrogen are classed as inorganic and organic 
manures. Belonging to the former class are Chili saltpetre and ammonimn 
sulphate. Organic nitrogenous manures include blood meal, horn meal, 
flesh meal, and leather meal. 

Blood meal is produced by drying coagulated blood on grids; the shcll'hKe 
pieces are ground and sold. Blood meal contains on an average 14 % nitrogen 
and 0.5 to I % phosphoric acid. 

Horn meal, which also contains 14 % nitrogen (or more) is obtained from 
hoofs, claws and horns by treating with superheated steam, drying and 
grinding. Flesh meal see under 5. Mixed manures. . 

Leather meal contains only 6 — 11 % nitrogen. Scrap leather is steamed, 
dried on grids and ground. , 

In addition to these, numerous other substances and mixtures are usea 
as nitrogenous manures. Many patents deal with the production of manures 
containing much nitrogen (and potassium) from molasses- and distillers' wasn, 
the liquor from wool washing, &c. 
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Bacterial manures also belong to this class. It has been found that certain 
rlants especially leguminous plants are able to assimilate the nitrogen of the 
air This is accomplished with the assistance of certain soil bacteria with which 
these plants enter into symbiosis; curious nodules on the roots indicate the 
presence of these colonies of bacteria. After this was observed and experience 
had shown that the fertility of the soil on which these Leguminosae (lupines, 
clover, peas, &c., &c.) had been grown could be considerably raised by favour- 
ing^ the growth of these bacteria colonies, cultures were put on the market 
under the name of bacterial manure. 

Experiments made with the object of rendering available atmospheric 
nitrogen for manuring have increased in number, Frank's method appears 
to be practical and economical. See Calcium cyan amide under “Calcium 
compounds”. 

4. Phosphatio manures. 

While formerly bones were the chief material used in producing phosphatic 
manures, at present the North American phosphorites and apatites are the 
elnef raw materials. Besides these natural phosphorites there is Thomas meal 
([)li()sphate meal), i. e. the ground slag from the Thomas process (see ‘Tron“). 

Natural phosphorites are not used for manuring in their insoluble state, 
but are converted into a more soluble form. The best known phosphatic 
manure is superphosphate. 

As regards the manufacture of superphosphate see the special article “Super- 
phosphate”. The raw material used in its manufacture is insoluble tricalcium 
phosphate, which is only assimilated by plants with difficulty. It is decomposed 
by treatment with H«S 04 , when mono-calcium phosphate soluble in water 
and CaS 04 are formed. The mixture of mono-calcium phosphate and CaSC^ 
is called Superphosphate. The manufacture of superphosphate has recently 
been much improved, a fact to which numerous patents bear witness. The 
most recent of these, like the Amer. Pat. 736730 which is a slight modification 
of the original superphosphate method, and the Germ. Pat. 146060 and 157150 
treat of the production of a phosphatic manure by electrolytical methods. 

Other inventors have attempted to render available the phosphoric acid 
in raw phosphates by fusing apatite with carnallite. Engl. Pat. 10461 (1902) 
appears to be somewhat curious. Iron phosphate is obtained as manure, by 
stirring a dilute solution of Fe 2 CL with a solution of sodium pyrophosphate. 

The so-called double superphosphates are manures containing about twice as 
much water-soluble phosphoric acid as the usual superphosphate; they are 
treated of in the article on “Superphosphate”. 

Thomas slag, basic slag (see “Slags”) is as a rule allowed to lie for a year 
before being ground to a powder in ball mills. Frequently the liquid slag is 
mixed with ^osphorites containing a high percentage of P. The value of 
Thomas phosphate, like that of all other phosphatic manures is determined by 
the amount of phosphoric acid soluble in citric acid, since it is^ considered 
that phosphoric acid soluble in citric acid is readily taken up from the soil. 
^ According to a recent method the expensive stamping and grinding of the 
Ihomas slag is rendered unnecessary. The slag is placed in an old boiler and 
subjected to the action of steam under a fairly high pressure ; in a few hours 
the lime is slaked and falls into a very fine powder. With proper arrange- 
ments the powdered slag can be taken from the boiler in a perfectly dry state. 
I he amount of phosphoric acid soluble in citric acid in slag produced by this 
method is 2 to 2.5 % higher than that in the slag produced by stamping and 
gnnding. According to the results of experiments a great part of the phos- 
^ ^cid is soluble in water. 

The value of Thomas phosphate slag as a manure is increased by a process 
6ue to Th. Knoesel (Germ. Pat. 128213) which at the same times makes 
Blucher. 26 
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a rational use of the waste liquors from sulphite-cellulose works. Tliese 
liquors were not only completely useless but their removal caused imich 
expense and trouble. According to Knobsbl's patent these waste liquors 
are concentrated to a syrupy consistency (26® B6) and mixed with about 
the same amount of Thomas phosphate slag thus jdelding a dry mixture. 
By this method the solubility in citric acid of the phosphoric acid of Thomas 
meal is raised almost to the maximum possibility, e. g. from 73 to 98 %. 

The Swedish Pat. 18401 (1903) protects three modified methods of pro- 
ducing manure : molten acid slags are mixed with a raw phosphate, e. g. Apatite, 
Florida phosphate, &c. cooled and ground. 

6. Mixed manures. 

These are manures containing nitrogen and phosphoric acid and"sometinies 
potassium, e. g. bone meal, flesh meal and fish guano and some artificial 
manures. Real Peru guano being a natural product does not come under this 
heading, at least not before it is treated with sulphuric acid (see “Guano"). 

For the manufacture of bone meal the bones of slaughtered animals ar(‘ 
cleaned, crushed in bone-breaking machines and heated with steam under 
a pressure of 4 atmospheres. After steaming the bones are dried on grids, 
broken up in stamp mills and then finely ground by rollers. Steamed bone 
meal contains 4 — 6 % nitrogen, 20 — 24 % phosphoric acid, and not more than 
6 % fat. 

According to Germ. Pat. 166356 bone meal is treated with the concentrated 
solution of a ferric salt until liquefaction takes place; after some time the mass 
solidifies. The result is a finely divided ferric phosphate which is readily 
soluble in dilute acids and is an excellent manure. 

For the production of flesh meal carcasses of horses and other animals 
are used. In order to prevent the spread of disease the flesh is sterilized with 
steam under 4 — 6 atm. This process also disintegrates the substance. After 
6 — 8 hours the fat and glue water are removed, tne flesh and bone subsiaiieo 
dried and ground. In a similar way the so-called Fray-Bentos Guano is pro- 
duced from the residues of the manufacture of meat extracts (Liebig). 

Fish guano is similar in composition to bone meal ; it is made from fish 
(too small for sale) and from various parts of the whale and cod. The material 
is first treated in hydraulic presses to remove the oil and a great part of the 
water. The fat is then separated by boiling in open vessels and the glue by 
steaming under pressure (in closed vessels). The material is pressed out in 
hydraulic presses, dried on grids, ground and sifted. The composition of 
fish guano naturally varies considerably, the average is 7 — 9 % nitrogen and 
12 — ^14 % phosphoric acid. 

The Germ. Pat. 157276 produces manure containing N and P from shells. 

A new manure Thomas -Ammonia phosphate lime is made by a special 
method (intended to avoid the usual loss of nitrogen). Thomas slag is mixed 
with ammonium sulphate. It contains besides not inconsiderable quantities 
of CaO, about 6.5 to 6 % easily soluble N and about 8 % phosphate soluble 
in citric acid. 

6. Silicate manure. 

In his admirable book “Die chemische Industrie des Deutschen Reiches 
im Begiime desXX. Jahrhunderts*' Witt points out that soluble silicates, e. g- 
water-glass and potassium silicate possess ^reat possibilities as manures, 
particularly in growing maize and cereals which contain much silica. The 
plants cannot assimilate silicic acid in the form of quartz, and in America 
the soil is supplied with silicic acid in the hydrated form (e. g. siliceous earth). 
Witt remarks that water-glass would be a far better siliceous manure, especially 
potassium water-glass on account of the potassium contained. 
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Examination. The International Congr. for Applied Chem., Berlin 1903, 
has agreed to the following examination of artificial manures: 


Samples. 

1. Samples not properly taken are to be refused by the examiners, or the 
fact to be pointed out in the report. 

2. Proper samples are those which left the last railway station or docks 
in the presence of witnesses of both parties, or were taken by an expert under 
oath in accordance with the regulations set forth below. 

3. Samples of manufactured material are to be taken from every tenth 
sack, or when the material is packed loose from at least ten different places 
by means of tubes. 

4. Of raw material every 50th vessel (i. e. 2 %) is to be emptied on to the 
test heap. After the first sifting the amount of water is to be determined in 
a sample at least the size of a hazelnut. The material is then treated like 
manufactured material. 

5. The samples which must weigh about 300 g must be placed loose in 
strong, clean and perfectly dry glass vessels. 

6. At least three samples must be taken and sealed hermetically with the 
seal of the sampler. 

7. The label is to be affixed with the same seal and is to bear the signature 
of the sampler, 

8. The samples must be kept in a cool, dark and dry place. 

Preparation of the samples. 

a) Dry specimens of phosphates or other artificial manures may be sieved 
and then mixed. 

b) Moist manures which cannot be treated like this must be prepared by 
carefully hand-mixing. 

c) For raw phosphates and bone charcoal the water is to be 
determined. 

d) For substances in which the amount of water contained is altered by 
powdering the water must be determined in the fine as well as in the coarse 
material 5(aud the result of the analysis calculated for the original coarse 
substance. 

Methods of analysis. 

I. Determination of water. 10 g of the substance are used ; drying to be 
done at 100° until the weight is constant. Substances containing CaS04 are to 
be dried for 3 hours. 

II. Determination of insoluble matter. 10 g substance are used: a) the 
portion remanining after dissolving in mineral acids is heated so as to make 
S1O2 insoluble; b) the residue after treating with water is dried at 100° 
until constant in weight. 

III. Determination of phosphoric acid, A. Making the solutions. 1. For 

P2D5 soluble in water 20 g substance are shaken for 30 minutes in a liter 
flask with about 800 cem water and the flask then filled to the mark. The 
solutions of so-called double superphosphates must be boiled with the addition 
of a little HNO3 before precipitation of PoOg to convert the pyrophosphoric 
^id present into orthophosphoric acid. N.B. If P2O6 soluble in citric acid 
IS to be determined in superphosphates it is to be done by Petbrmann’s 
me^od. 2. For total PgOg 6 g of the substance are boiled with Aqua regia^) 
or 20ccm HNO3 cone. H2SO4 for 30 minutes in a 250 cem flask 


See the table at the end of this article. 


26 * 
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which is then filled up to the mark. 3. Thomas phosphate^), a) PgOj soluble 
in citric acid : 6 g substance are used and shaken for % hour with 2 % citric 
acid solution at a temperature of in an apparatus making 30—40 

revolutions per minute. The vessel used is a 500 ccm flask rinsed with 1 ccm 
alcohol to prevent the substance from settling on the walls, b) Total ; 
10 g substance are used, shaken in a 600 ccm flask with 25 ccm water and 
then boiled with 60 ccm cone. H2SO4 for 30 minutes with frequent stirring. 
The flask is then filled. — B. Examination of the solution. 1. Molybdate 
method (Fresbnius and Wagner). 2. Citrate method. 3. Free acid, a) The 
aqueous solution A 1 is mixed with methyl orange and titrated with caustic 
soda, or b) determined in alcoholic solution by gravimetric analysis. 

IV. Determination of oxide iron and alumina. To be made according to 
Eugen Glaser’s method as modified by R. Jones, or by Henri Lasne’s 
method. The method used is to be indicated. 

V. Determination of nitrogen: 1. Nitrate nitrogen. Direct methods only 
are to be used, a) Reduction methods of G. Kuehn, Ulsch, Devarda, and 
Kjeldahi.-Jodlbaur. b) Gas volumetrical methods. Lunge, Schloesing- 
Grandeau. 2. Ammonia nitrogen. The determination is to be made by distill- 
ation with magnesia ; for ammonium superphosphates the solution mentioned 
under III A 1 is to be used. 3. Total nitrogen. In presence of nitrates and 
ammonium salts to be made by Kjeldahl-Jodlbaur’s method. 4. Organic 
nitrogen. In absence of nitrates and ammonium salts to be made by Kjbldahl’s 
method or by combustion with soda lime. 

VI. Chlorates and perchlorates. To be determined together, being equally 
harmful. 

VII. Determination of potassium. To be made by the platinochloride 
or perchlorate process. 

VIII. Determination of hme and magnesium. This can be done by Tacke’s 
titration method or by gravimetric analysis. 


Table of uniform nomenclature of the reagents and apparatus used in the 

examination. 


Names 

S. G. 

Contents. 

1) Sulphuric acid 

2) Cone, sulphuric acid 

3) Nitric acid 

4) Cone, nitric acid 

6) Hydrochloric acid 

6) Cone, hydrochloric acid 

7) Ammonia 

8) Cone. Ammonia 

9) Aqua regia 

10) Citric acid 

11) Rotating apparatus 

1.40 

1.84 

1.20 

1.62 

1,12 

1.20 

0.96 

0.91 
/ 1.12 

1 1.20 

20 g. 

30—4 

150 

60 parts H^SO, 

100 “ HjSO* 

32 “ HNO, 

100 “ HNO, 

24 “ HCl 

39 “ HCl 

10 “ NH, 

26 “ NH, 

3 “ hydrochl. acid 

1 “ nitric acid 

free acid in 1 1 

ft rAvnliifioTiB nnr min. 

12) Shaking 
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Artificial manures plants: 

Max Friedrich & Co.^ Leipzig>Plagwitz 17. 


Thomas phosphate meals containing apparently coarser parts are sifted 
through a 2 mm sieve. Lumps remaining in the meshes are removed by lig^ 
pressure. The PjOs is then determined in the sifted portion and the result calculated 
for the whole. 

*) When fine meal is to be examined a 0.17 mm sieve is to be used. 
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Bone meal manafaotnrinB appaiatas: 

Max Friedrich <fc Co., Leipzig-Plagwitz 17. 

Leather meal plants: 

Max Friedrich & Co., Leipzig- PI agwitz 17. 


Maretine = m tolylhydrazide of carbamio acid. 


C,H,/ 


OH, 

NH . NH . CO . NHa. 


It forms white tasteless crystals. M. P. 183 — 184® C. Sparingly soluble in 
cold, more readily in hot H 2 O and in alcohol. It lowers the body temperature 
very considerably and is said to be a good febrifuge. It is stated that the 
temperature is lowered very gradually and that the lowering is maintained 
for a considerable length of time, it is much recommended for the early 
stages of tuberculosis. A series of favourable reports on its effects is counter- 
balanced by several unfavourable ones. 


Margarin. Beef suet freed from stearine, not to be confounded with 
margarine. 


Margarine (artificial butter). It is made from animal fat, generally beef 
suet. The suet is put through a mincing machine, mixed with 0.1 % solution 
of potash to which is added a small amount of the stomach of a pig and then 
heated to 46®. The fatty and fleshy portions are thus separated, and the fat 
is filtered off. To this is added 2 % of salt, after which it is allowed 
to cool very gradually to about 20® C (16 — 24 hours.) The greater part of the 
stearine present in the fat separates in the form of crystalline grains during this 
copling. It is separated from the liquid oleine by pressing. The steamie is 
used for making candles (q. v.). 

The oleo-margarine is then mixed with milk and churned. It is also 
advantageous to add 1 kg of chopped milk glands to every 300 kg of oleine. 
The butter formed by churning is made to solidify by the addition of cold 
water. Additions of butter colouring, butter esters, oil of peanuts, and 
similar materials make the product still more like butter. 

The manufacture of margarine has been much improved of late years, 
and numerous new patents dealing with this branch of industry have been 
taken out. The Germ. Pat. 112687 and 116792 aim at making the product 
keep fresh for a longer time by sterilizing the oleo-margarine, and then mixing 
|t with artificial milk, containing no sugar. The same purpose is aimed at 
hy the Germ. Pat. 128729, according to which the volatile fatty acids of butter 
We mixed with the emulsion of milk and sterilized oleo-margarine. The Germ, 
tat. 136081 deals with the production of a margarine which keeps remarkably 
Well. The product is made free from nitrogenous constituents as far as ^ssible, 
by nuxing the fats with the products of the steam-distillation of milk, and 
suitable wdehydes. The latter substances improve the taste and smell. 

Ihere is no doubt that milk is of great importance in the manufacture of 
Qiwgarine. The Germ. Pat. 140941 recommends the addition of kephir. 

Many processes, some of which are patented have been devised with the 
<5bject of giving margarine certain properties of butter such as browning 
and frothing in the pan. Yolk of egg and sugar are added for this purpose. 
Accordhm to Germ. Pat. 127376 an addition of 0.1 % of cholesterine is 
eirmloyed, and Germ. Pat. 142397 jiroposes lecithine for the same purpose. 

t-^in precipitated from skim-milk by pure cultures of the lactic acid 
oacteiia, sterilized cream and egg-yolk are recommended as additions (Germ. 
Pat. 170163). 
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According to Germ. Pat. 173112 the proteids which cause frothing and 
browning are separated from natural butter by a process of melting, and these 
are added to the margarine. 

A special method of manufacture is protected by Germ. Pat. 186786. 
Margol scorns to hold its own against all the other substances and pre- 
parations for giving margarine the taste of butter. It is a mixture of volatile 
fatty acids. 

In Germany margarine must by law contain 10 % of sesame oil to render 
detection of the artificial butter easy, to prevent it from being sold as real 
butter or from being used as an adulterant. 

Melted margarine, that is margarine freed from water and proteids, is also an 
article brought on the market as an economical substitute lor melted butter. 

In consequence of the increasing price of animal fats, larger quantities of 
cocoa nut oil are being used in the manufacture of margarine. This material, 
however, must be added to the margarine itself after the latter has been kneaded 
to a thick semi-liquid paste. It must then be very rapidly mixed in, so that 
as little air as possible comes in contact with tho product. If the oil is to be 
added to make melted margarine the latter must first be freed from water. 
On no account must the vegetable oil be added before churning, or the product 
will become rancid. Cocoa nut oil or fat is also now made into margarine 
without the addition of any animal fat or milk by mixing with solutions of 
yolk of egg and salt. 

Test. Baudouin’s reaction is always used in testing for sesame oil (see 
„Rbagents“). The reliability of this test has, it is true, been called in question 
by several authorities, but the objections do not appear valid. Compare 
the above test with Soltsien's reaction (see „Reagents“). 

Fbndler recommends the following as a test for yolk of egg. A sample 
of the margarine is shaken with a 2 % solution of NaCl at 50 ^C, cooled, 
filtered, and finally dialysed. Should the fluid remain cloudy after 6 hours, 
but clear either completely or nearly on adding NaCl, the presence of yolk 
of egg is proved. The reaction is based on the fact that vitelline dissolves 
in 1 % solution of NaCl, but not in weaker solutions nor in water. This tost 
was given by Fendler in a lecture given at the Intern. Congress for Applied 
Chemistry in Berlin 1903. 

Machines for manufacturing margarine: 

Werner Pleiderer & Perkins Ld., Peterborough. 

Massicot (lead oxide) see „Lead compounds“. 

Mastic. The resin of the evergreen shrub Pistacia Lentisem which is 
cultivated in the Mediterranean area, particularly in Chios. Numerous 
longitudinal cuts are made in the bark, and from these the resin exudes in 
transparent drops which soon solidify to granular masses. The purest kind 
of mastic is in the form of drops, while the impure common kinds are in lumps 
and are cloudy in appearance. 

Pure mastic is greenish to yellowish, transparent, with a glassy lustre and 
covered with white dust. It is hard and brittle but on kneadmg becomes 
plastic. It has a bitter, spice-like taste and on warming has an aromatic odour. 
S. G. 1.04 — 1.07; M. P. 93—104®, It dissolves completely in alcohol only on 
boiling. It is employed in the preparation of varnishes, cements, and 
fumigating mixtures and as a drug. 

An aspWt cement obtained by melting together pitch and asphalt is 
sometimes known as mastic. 

Matches* A distinction is drawn between phosphorus or brimstone matches, 
which ignite when struck on any surface, and safety or Swedish matches, 
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which, containing no phosphorus themselves, can only be struck on specially 
prepared substances. A new class of matches has of late been added to these 
twO; which although they contain no poisonous phosphorus or even white 
phosphorus, can still be struck on any surface. 

Matches are made from the wood of pine, fir, and spruce, more rarely of 
willow, lime and aspen. Safety matches are almost always made from aspen, 
but some inferior kinds are made from poplar, lime, willow, and fir. 

The wooden part of common phosphorus matches is generally made by 
niachinery of special construction. The wood for safety matches is split 
and cut by the same machine. The machine tears off a strip, of the thickness 
required for the matches, these strips are then tied together and passed through 
the cutter, coming out in the form in which they are sold. Planed wooden 
strips cannot be used for safety matches, as this process presses the material 
Avhich is then no longer sufficiently porous to absorb the paraffin. The wooden 
strips for the best matches are impregnated with a 1 % solution of ammonium 
phosphate to prevent smouldering. Coloured substances such as rhodamine 
or ponceau are added to the solution to stain the wood. The match wood 
after being cut and dried is then fixed into dipping frames, each match at 
about 1 cm from the next. If common sulphur matches are to be made, 
the frame is then dipped into sulphur, or if a better class of phosphorus or 
paraffin match is to be made into paraffin. One of these two processes is 
necessary that the wood may readily catch fire on being struck, the small 
fhinie given out by the head of the match not being sufficient to ignite the 
unprepared wood. The heads of common matches contain about 38% of glue, 
^um or dextrine, about 20 % of white phosphorus, 38 % of chalk or zinc white 
us filling, to prevent too rapid burning and 4 % of Venetian turpentine. 

The better kmds of phosphorus matches, for instance the Vulcan or Lucifer 
matches, contain 6 — 7 % of white phosphorus besides lead peroxide or lead 
nitrate, A special kind of phosphorus matches contains besides about 27% 
glue and gum, also 6 — 7 % of phosphorus, about 36 % of potassium chlorate 
and about 30 % of filling (zinc white or powdered glass) . To this class belong 
the paraffin, parlour and magenta matches. 

The ignition mixture of safety matches consists of 16 — 16 % of glue and 
gum as adhesives, 45 — 65 % potassium chlorate, about 5 % of potassium 
chromate, about 6 % of ground sulphur and about 25—30 % of filling and 
colouring matter. Zinc white, powdered glass, infusorial earth, chalk, &c., 
are used as filling materials. Rhodamine is used as a red and Caput mortuum 
as a brown colouring matter. For yellow, no colour is taken, but potassium 
chromate and sulphur are used and in some cases barium chromate is also added. 
The friction surface on match boxes is made of about 23 % gum or glue as 
adhesive, about 63 % red (non -poisonous) phosphorus, 10 % antimony 
trisulphide and about 13 % lamp black or Cassel brovm as filling and colouring 
material. 


Except for unimportant variations, which are as a rule the trade secrets 
c>f the particular factories, all ignition mixtures for the heads of matches 
are made up in the above proportions. In the mixing of the materials, however 
there are certain rules to be observed as regards temperatures and solution 
of the adhesives. The mixing must be done very carefully and the mixture 
often requires re-grinding. The substance for the friction surface on the boxes 
niust also be kept in just the right condition after being first mixed in proper 
proportions. The preparation of phosphorus ignition substances must always 
be carried out in special vessels which are air-tight. 

It cannot be demed that the use of the so-called safety matches is combined 
With some inconvenience, since they only ignite on specially prepared surfaces. 
JJn the other hand however, common phosphorus matches are poisonous, so 
that their manufacture is now forbidden in several contries. 
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It may be taken for granted, that phosphorus matches will entirely dis- 
appear from the market in the course of a few years. This fact lends new 
importance to attempts made to produce a match free from white phos- 
phorus, which may be struck on any surface. The experiments made were 
for a considerable time unsuccessful, and none of the many patented prepara- 
tions, or those proposed, were found really practical. Even the mixture used 
by the French Monopoly Management of Cahbn and Severe, whieh consists 
of sesqui- sulphide of phosphorus, has many disadvantages, not only in 
manufacture but also in use. These disadvantages are gradually disappearing' 
and matches are now made which are tolerably good, can be struck on any 
surface, and instead of being made of yellow phosphorus are prepared from 
mixtures of phosphorus sulphides. Compare Phosphorus compounds. 

The head of the non -poisonous, Schwiening Triumph match, now often 
called “Reich’ '-Match contains besides red phosphorus and potassium chlorate, 
calciuifl plumbate. Compare No. 20 “Lead compounds“. 

These matches have, however, little prospect of becoming popular; in faet 
it is asserted they have been proved to oe both dangerous and impracticable. 

All the more important herefore, are the attempts to make a match, whieh 
will strike on any surface and yet contain no yellow phosphorus. Accordini; 
to Amer. Pat. 727758 non-poisonous matches are made by grinding together 
trisulphide of phosphorus and zinc oxide, adding potassium chlorate, iron 
oxide and powdered glass in certain proportions. 

The Engl. Pat. 4009 (1903) makes use of compounds of phosphorus for 
making non-poisonous matches which ignite on any surface. 

According to Germ. Pat. 153188 metallic sulpho- phosphorus compounrls 
are used, i. e. hypo-thiophosphites and thiophosimites, e. g. zinc hypo-thio- 
phosphite. These substances are prepared by mixing red phosphorus, sulphur, 
and metallic sulphides, particularly antimony sulphide, iron sulphide, copper 
sulphide and zinc sulphide in theoretical proportions, and gradually pouring 
the mixture into an iron boiler. The temperature is gradually raised to 450° 
and CO 2 is passed through the apparatus during the operation. 

Germ. Pat. 157424 protects the preparation of an ignition mixture of 
sulpho-cupro-barium polythionate and KCIO3. Copper salts are first treated 
with sulphites and then precipitated with Ba salts . The product is intimately 
mixed with sulphur and afterwards converted by strong pressure into the 
above-named substance. The compound is loose, can be easily powdered 
and made semi-liquid. The head made of this material lights better than 
ScHWiENiNGS, though but not so well as matches made with yellow phos- 
phorus. In match manufacture the so-called bright red phosphorus may, 
under certain circumstances, become more important than any of the above 
named mixtures which ignite on any surface. This peculiar modification of 
phosphorus which is obtained by heating yellow phosphorus in phosphorus tri- 
bromide is non-poisonous, and contains no arsenic even if this was present 
in the original material. It is perfectly soluble in HgO, does not spontaneously 
ignite in the air, and readily undergoes chemical change, on account of its 
finely divided condition. Germ. Pat. 144456, which protects the use of 
bright red phosphorus in the manufacture of matches, remarks that 10% 
of this material can be mixed with potassium chlorate without danger of 
explosion, and that matches made from this substance ignite on any 
roughened surface. 

According to Germ. Pat. 157382 the “Chemische Fabrik Grieaheim 
Electron” makes use of an ignition mixture of phosphorus oxide, P4O, with 
KCIO3 and the other usual ingredients. The matches can be struck |on smooth 
or rough surfaces. The sulphophosphite employed by this firm promises to 
become of great importance in the manufacture of matches. See “Sui^ho- 
phosphites“. The compound keeps as well as red or bright red P, and is 
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much cheaper than the latter. It has the great advantage over the 
sulphur and phosphorus compounds of being quite imaffected by hot water, air 
or damp. The substance for the match-head is made of two mixtures, A and B. 
A, consists of 12 parts of sulphophosphite, 3 parts of zinc oxide, 4 parts of 
chalk and 18 parts of powdered glass, very finely ground and mixed to a 
thickish paste. B, is composed of 45 parts of potassium chlorate, 4 parts of 
gypsum, 15 parts of glue and 2 parts of gum Tragacanth. The gum is dissolved 
in hot water, then mixed with the other ingredients and very carefully ground. 
Finally the two mixtures are well stirred together. The preparation is much 
less dangerous than that of Schwiening's compound, in which the mixture 
containing the red phosphorus and part of the KCIO3 have to be reground 
together. 

Germ. Pat. 163078 of the same firm protects the preparation of a non- 
poisonous ignition mixture containing PjSj, PgSg and P2S5. The objection 
to the process lies in the fact that during the preparation the temperature 
must not exceed 30°, otherwise decomposition takes place. 

;Machmes for manufacturing matches: 

A. Roller, Berlin N. 20 (see front part sdvt). 


Mazute. The liquid residue from the distillation of Petroleum, which is 
used to an increasing extent for heating steam boilers. Its calorific power 
is almost double that of coal. 

The burners used for liquid fuels are of three types: 

1. Mechanical burners in which the oil is forced out in thin streams 
under great pressure. 

2. Air burners in which the oil is fed into the furnace by means of air. 

3. Steam burners in which the oil enters in fine streams, made partly 
in the burner and partly by mixing with air. The oil is forced into the 
furnace by steam pressure. 

In Kdrting’s mechanical burner the oil is forced in under a pressure of 
4 atm. after having been warmed to 120°. In the second type of burner 
the oil must also be heated. The steam burners give larger flames. Several 
small burners give better results than one large burner. The streams of 
oil are usually directed against brickwork from which they fall into fire- 
clay-lined furnaces. For each burner of| 60 H. P. an area of 400 square 
centimetres is required. The flames should not directly touch the boiler 
walls, and as a precaution against fire, the oil in the storage vessels should 
not be kept at a temperature above 65°. 

The chief advantages in the use of liquid fuel are the absence of ashes, 
soot and clinkers, the smaller labour-charges and the simplicity of the 
firing. The disadvantages are the danger of fire due to defective storage, 
the high price of the burners and the noise caused by badly-constructed 
turners. 

Mazute: 

Manger, Dresden, Germany. 


Medicated soaps. This term includes all soap and soap-like mixtures which 
are used medicinally. 

The officinal Sa>po medicatus is made of equal parts of pure lard and olive 
oil, saponified with caustic soda in a prescribed manner. 

Superfatted soaps find extended use for medical purposes. They consist 
of neutral soaps with 3 to 5 % excess of non-saponified fat or uncombined 
fatty acids. ^ 

The following are a few of the many preparations. According to Germ. 
Pat. 164548 and 167386, a good absorbent soap is made by mixing carefully 
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dried soap with vaseline and adding, if necessary, after warming, some sub- 
stance such as sublimate, salicylic acid, benzoic acid, cinnamic acid or other 
drugs. The method can be applied to all substances which are set free by the 
action of water on the soap. 

The Germ. Pat. 167737 protects the manufacture of soap containing zinc 
oxide; the Engl. Pat. 22680 (1903) of soaps with per-borates or per- 
carbonates. 

The Engl. Pat. 9638 (1904) deals with the manufacture of the so-called 
acremnine soaps, which are used for preventing the poisonous effects of lead 
copper, arsenic, and mercury. These are made by mixing the soaps with 
substances which evolve hydrogen sulphide or form sulphides when brought 
into contact with metals. Finally mention should be made of the ceraniine 
soaps. These are mixtures of potassium and sodium soaps with balsam of 
Peru and oil of ciimamon. They are much used in cases of eczema on account 
of their antiseptic properties. 

Compare also the articles on Soaps, Formaline soap, Metal soaps and 
Spirit soap. 

Melioform, A ruby-red transparent liquid containing 25 % formal- 
dehyde and 16 % aluminium acetate. It is used as a disinfectant 
for the hands, for wounds, &c. but does not appear to have a very 
powerful action. 

Melting points. 


Acetic acid 

Alcohol (Ethyl alcohol) . . 

Aluminium 

Ammonia 

Aniline 

Anthracene 

Anthraquinone 

Antimony 

Antip5a'me 

Benzidine 

Benzoic acid 

Benzene 

Bismuth 

Bromine 

Bronze 

Cadmium 

Camphor 

Caoutchouc 

Cobalt 

Copper 

Chloralhydrate 

Chloroform 

Diphenylamine 

Glass 

Gold 

Iodine 

Iron : 

Cast iron, grey . . . 
„ „ white . . 

Stwl 


»C «C 


-f 17 Iodoform -1-82 

— 130 Lead 328 

-f 625 Magnesium -j- 760 

— 75 Menthol f 42 

— 8 Mercury — 39 

-4-213 Naphthalene + 79—80 

-4- 273 a-Naphthol -|- 94 

-j- 432 /9-Naphthol 122 

+ 113 Nickel + 1600 

-f- 122 Nitroglycerine -j- 8 — 11 

-f 121.4 Paraffin -}- 36—76 

-4- 6 Phenol +41 

-f- 269.2 Phosphorus, white -j- 44.2 

— 7,3 Picric acid -j- 122.6 

-4- 900 Platinum -j- 1776 

-4- 320 Potassium -j- 62.6 

-4- 176 Pyrogallol -4-116 

-j- 112 Resorcine + 110 

+ 1400 Rape oil — 3 — 4 

-f 1082 Sulphur -f 109 

+ 67 Sulphur dioxide — 76 

-4- 7 Silver -f- 968 

-4- 64 Sodium -j- 96 

-j- 1000 — 1200 Stearine -f- 43 — 60 

+ 1072 Tin + 231.7 

-j- 114 Turpentine — 10 

Wax, yellow 62.6 

-f- 1200 Water dist 0 

-j- 1100 ,. Seawater — 2.5 

+ 82 Zinc + 417.6 
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3Ienthol. A terpene alcohol of the following constitution 
yCn^ — CH(OH). .CH, 

CH, 


. .CH<^ 


•CH, 


-CH(OH) 

^CH . CH<^ 


CH, 


CH, 


It is the most important constituent of oil of peppermint (q. v.). To obtain 
it from this substance, the terpenes are removed by fractional distillation and 
the higher boiling fractions cooled and allowed to crystallize. According to 
Germ. Pat. 42458 peppermint oil may be treated with sodium in ether solution 
in order to increase the quantity of menthol. The terpene ketone, menthone, 
is by this method reduced to menthol, the sodium compound formed being 
decomposed with water. 

Menthol forms colourless crystals M. P. 42®; B. P. 212®. It is largely used 
for the preparation of tooth- and mouth- washes. 


Mercerization see “Cotton“. 


Mercury. Hg. (Hydrargyrum.) A. W. = 200.3. It is the only metal 
which is liquid at ordinary temperatures. It occurs here and there in the pur© 
state, also as a silver amalgam, but principally as cinnabar (mercury blende) 
HgvS. From the latter ore the mercury is obtained either by simply roasting 
the ore in a current of air in crucible, blast or reverberatory furnaces, in which 
the sulphur is oxidized at a red heat and both constituents of the ore volatilize 
— Hg8 -f O 2 = Hg f SOg — or by decomposing the ore with iron or lime 
which combine with the sulphur while the mercury volatilizes. The latter 
process, which is carried out in crucible furnaces, is expressed by the following 
equation, according as the decomposition is carried out with Fe or CaO: 
IlgS -h Fe = Hg -f FeS, or 4 HgS 4 CaO = 4 Hg -f 3 CaS + CaS 04 . The 
volatilized Hg is condensed either in brick chambers or better in condensing 
arrangements (clay and iron pipes immersed in water); glass condensers 
have also been used. 

H. Becker has proposed to obtain Hg in the electric furnace by constantly 
feeding the latter with a mixture of lime and cinnabar and collecting the Hg in 
eooled receivers. 

The different wet methods for the production of Hg have been only partially 
successful. On the other hand the electrolytical process, by which the cinnabar 
is easily decomposed at the anode and Hg deposited at the cathode by using 
a solution of NaCl or HCl, promises to become of technical importance; for 
seeing that the E. M. F. of the bath is 1 volt the amount of carbon used to 
obtain 1 kg of Hg per hour amounts to approx. 1 .08 kg, and besides this the 
injurious action of Hg vapours in the dry process is completely avoided. 

The mercury thus obtained is freed from mechanical impurities by pressing 
it through bags of leather or linen. Frequently it is subjected to another 
distillation, but in this case small amounts of other metals also distil over. 
In order to remove these the mercury is allowed to trickle in a fine stream 
through a long column of dilute HNO3 which dissolves the other metals more 
readily than Hg ; it is then washed with water and dried. Mercury is brought 
into commerce in wrought iron flasks which hold 34.5 ko in Almaden (Spain) 
and in Mexico and 34.7 ko in California. 

It is a silver-white glittering metal which is not acted upon by moist air, 
and evaporates slowly at ordinary temperatures — much more readily when 
moderately heated. S. G. 13.59; M. P. — 39.4®. B. P. 357.3®. Near the 
boiling point it is converted into red HgO which decomposes again at a higher 
temperature (600®) into Hg and O. The greatest quantity of Hg is used 
in the production of gold and silver by the amalgamation process. It is further 
used for filling barometers, thermometers, manometers, mercury air pumps, &c. ; 
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for the manufacture of “fulminates*', artificial cinnabar, coating mirrors, ko. 

At the ordinary temperature or very little above it the following metah 
combine directly with Hg: — K, Na, Mg, Sn, Zn, Pb, Bi, Ag, Au, Al, Sb. 
Cadmium dissolves readily in heated Hg, and in this way an alloy is obtained 
which only slowly solidifies but then becomes very hard; this — like a similar 
alloy of 1 part Cd and 2 parts Sn with Hg — finds employment as a filling 
for teeth. 

Gold amalgam is used for fire-gilding metals. See “Gold-plating”. Tin 
amalgam is used for coating mirrors and contains to ^/g Sn, and is prepared 
by pouring Hg over tin-foil. 

It is well known that the zinc electrodes of galvanic elements are super- 
ficially amalgamated by rubbing them with Hg, because the elements when 
treated in this way give a more uniform current and at the same time last 
longer. 

As a coating for the frictional electric machine the Ktenmeyer’s amalgam 
is used ; this consists of 2 parts Hg, 1 part Sn and 1 part Zn : It is prepared by 
rubbing together fine filings of Zn and Sn (free from oxide) with Hg in a heated 
iron mortar. 

The melting point of readily fusible Bi and Cd alloys is lowered still furth('r 
by the addition of Hg. Thus an alloy of 45 parts Bi, 17 parts Pb, 20 parts Sn 
and 10 parts Hg, which melts at 70® C and becomes fairly hard on solidifying, 
is used for injecting into anatomical preparations. 

As a metallic cement a solution of cadmium amalgam is used. It can be 
prepared by dissolving cadmium amalgam (26 parts Cd and 74 parts Hg) in 
a slight excess of Hg. The mass is at first, when moderately heated, as soft 
as wax and is workable, but gradually becomes very hard. 

Sodium amalgam is frequently used for the reduction of readily decomposable 
substances by nascent H. It is prepared by placing Hg in an iron mortar 
and pressing small pieces of Na into the mercury with the pestle; a small flash 
occurs and a small quantity of Hg is volatilized, and on this account the 
operation must be carried out in a draught chamber. According to the 
amount of mercury present the amalgam is liquid or solid. According to tlio 
Amer. Pat. 689926 sodium amalgam is prepared by heating paraffin to 130®, 
adding one part of Na and heating further; after the sodium melts, 53 parts 
of Hg are added. The paraffin is then poured off and the amalgam stirred 
while cooling. The greater amount of sodium amalgam is now prepared by 
the electrolysis of sodium chloride using Hg as the cathode; see the paragraph 
on mercury process in the article “Chlorine alkali process, electrolytical”. 
The other amalgams are now obtained in the same way electrolytically. Tlie 
Germ. Pat. 148044 protects an arrangement for washing the alkali amalgam 
electrolytically obtained. 

Mercury alloys (amalgams). Mercury forms alloys directly with most 
metals ; with others, for which Hg has only very little affinity (e. g. Fe) the 
combination can be brought about by treating the very finely divided metal 
with mercury solutions. Many amalgams are at first liquid and only on standing 
for some time do the true alloys — which are in stoichiometric proportions 
separate in the solid, crystalline state. 

Mercury colours. The only one now used is cinnabar HgS (Chinese red, 
patent red, vermilion). It occurs as a mineral, but for use as a paint it is 
always prepared artificially; it can be prepared either by wet or by 
dry methods. 

In the dry method 640 parts Hg are rubbed together with 76 parts S and the 
resulting black mercury sulphide sublimed from pear shaped vessels of cast 
iron with clay covers, to which earthen receivers are attached in order to 
collect the S which distils off. The cinnabar settles as a dark red crystalline 
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mass which is ground with water to prevent it from turning to dust, and then 
heated with a solution of potash to remove the mechanically mixed sulphur. 
The purified cinnabar is finally carefully washed, dried in dishes and ground 
to a very fine powder. The preparation of the genuine Chinese cinnabar, 
which on account of its extraordinary beauty costs five times as much as 
the European product is not known in detail. 

There are several different processes for manufacturing cinnabar by the 
w et method. In one method, e. g., 5 parts Hg are rubbed together with 1 part 
sulphur to a grey powder and the mixture heated to 45® C with strong po- 
tassium hydroxide (45 — 50® B6) until the powder becomes bright red. A 
similar process consists in rubbing 100 parts Hg with 38 parts S and heating 
the mixture in dilute KOH to 45®; after about eight hours the mass begins 
to turn red and the mixture is allowed, after the tone has become fiery red, 
to cool gradually. It is then poured into cold water, washed, and dried. 
Again, according to another process a HgCl 2 solution is precipitated with 
and the resulting white precipitate of HgClNH^ is treated for a long time 
at 45 — 50® C with a solution of S in ammonium sulphide. After the precipitate 
has turned red it is treated with KOH, washed, and dried. 

The beautiful red colour of cinnabar is the brighter the more finely it is 
ground. It is adulterated by the addition of iron oxide, heavy spar, gypsum, 
minium, &c. It would be used to a greater extent in painting if it did not 
gradually turn pale and lose its colour. 

iVfercury compounds. 

1. Mercurous chloride (Calomel). HggC^. It is prepared by heating a 
mixture of 4 parts HgClg with 3 parts Hg in a covered iron vessel until the grey 
mass turns white. Then a large dish (on a large scale the bottom half of a 
carboy is cemented on to the edge of the vessel) is placed on the vessel which is 
strongly heated until the calomel has completely sublimed. It is obtained 
by the wet method by precipitating a solution of Hg 2 (N 03)2 with NaCl or 
by passing SO 2 into a HgClg solution. Hg 2 Cl 2 forms a colourless crystalline 
(as a powder, yellowish) mass, which is tasteless and odourless, almost in- 
soluble in H 2 O and dilute acids. It is decomposed by boiling HgO, also by 
repeated sublimation; Hg is liberated when it is exposed to light. It is used 
in porcelain painting (for mixing with Au), for preparing bengal lights, 
and as a medicament; for the latter purpose it must be carefully washed to 
remove the HgClg. See article “Calomel oil'". 

2. Mercuric chloride (Corrosive sublimate). HgClg. It is obtained by 
subliming in clay crucibles on a sand bath a mixture of HgSO^ and NaCl to 
which a small amount of MnOg is added. It sublimes as a white crystalline 
mass. It can also be prepared by a wet method either by dissolving Hg in 
aqua regia, or HgO in hydrochloric acid, and evaporating the solution. It 
has a metallic taste, acts as a strong corrosive, and is very poisonous. Soluble 
m H^O, alcohol, and ether. 100 parts H 2 O dissolve (at 20®) 7.39 parts, at 50® 
11.34 parts, at 100® 54 parts HgClg. It is used for preserving railway sleepers, 
animal tissues, for etching steel, for the manufacture of aniline red and mercury 
preparations, in cotton printing, and in medicine as a strong antiseptic. 

3. Mercury nitrates. 

a) Mercurous nitrate. HgglNO^),. It is prepared by allowing 1 part 
Hg fo stand at ordinary temperature with 1 part of not too concentrated HNO3. 
It crystallises with 2 mol. H 2 O and is dissolved unaltered by water but is 
decomposed by a large amount of HgO with precipitation of a basic salt, 
j ery corrosive, highly poisonous, it colours the skin purple red turning to 
black in the light. 

Mercuric nitrate. Hg(N03)o. Obtained by boiling Hg with excess 
dt HNO3 or by dissolving HgO in HNO3. On evaporating the solution salts 
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containing different amounts of water of crystallisation are obtained, Tliey 
all readily decompose with HgO with formation of basic salts. Very poisonous 
and corrosive. 

4. Mercuric oxide (red oxide of Hg ; red precipitate). HgO. It is prepared 
by heating a mixture of equal mol. Hg(N03)2 Hg. It forms a brick red 
scaly ciystalline powder soluble to a slight extent in HjO, corrosive, and 
very poisonous. By pouring a solution of HgClg boiling NaOH mercuric 
oxide may be obtained as an orange red powder. It turns black in the 
with separation of Hg. It is used in porcelain painting, in medicine, for the 
preparation of other Hg compounds, and as a paint for ships (to prevent plants 
and animals from settling on them). 

5. Mercury sulphates. Mercurous sulphate Hg2S04 is obtained as a 

sparingly soluble crystalline precipitate by heating excess of Hg with concen- 
trated H2SO4. The mercuric sulphate is more important and can be prepared 
from Hg or HgO by heating with excess of concentrated H2SO4; it is termed 
amalgamating salt. On being treated with a lar^e amount of HgO it forms 
basic mercuric sulphate (turpenthum minerale) . 2 HgO, a citron yellow 

sparingly soluble powder. 

6. Mercuric sulphide see “Mercury colours’". 

7. Mercury ammonium chloride (white precipitate). NHgHgCl. It is 
obtained as a white powder insoluble in HgO and alcohol by precipitating a 
HgClg solution with NH3. It is used for the preparation of cinnabar (see 
“Mercury colours”), and also in medicine. 

8. Mercury fulminate see “Fulminates“. 

Mercury-Preparations : 

Fr. Chr. Fikentscher, Zwickau Sa., Gormany (aoe front part advt.). 


Mercury vapour lamp. A mercury lamp consists of a long glass tube with a 
high vacuum with two electrodes fused through the glass: in the tube is a 
small amount of mercury. In order to light the lamp the vacuum is first 
overcome either by sending a current of high E. M. F. through it, or — which 
is more convenient and usual — the tube is inclined so that the mercury 
spreads out and forms a long thread-like connection between the two electrodes. 
Once the current passes through the tube the high current at first used can 
be reduced to the ordinary strength, and the tube may then be returned to 
its original upright position. The current then passes continuously through the 
tube and the mercury vapour glows strongly and in doing so emits an intense 
bluish-white light. The best appears to be the improved mercury vapour 
lamp of the Copper-Hewitt Electric Company; the tube hangs slanting and 
movable about a horizontal axis but so balanced that it always returns to 
the normal slanting position. To light the lamp a small chain attached to 
the lamp is pulled (after the current has been turned on) until the tube is in 
a horizontal position which causes the mercury to make contact between 
the two electrodes. The chain is then loosed, the lamp returns to its normal 
position, the Hg column breaks, and the lamp lights. 

Mercury vapour lamps can be constructed for different E. M. F. of 40 to 
60 volts which are arranged two together in a current of 100 — 126 volts, just 
like the common arc lamps which are also usually placed two together. Such 
lamps are from 60 — 60 cm long; lamps for 100 — 110 volts must however, have, 
a length of at least 1 m which makes them very inconvenient. 

The mercury lamps become very hot when in use and the danger due to 
breakage is considerable on account of the poisonous properties of mercury 
vapour. On this account Heraeus has constructed mercury vapour lamps 
of quartz glass seeing that quartz glass is not sensitive to differences of tem- 
perature. For ordinary illuminating purposes, however, such a lamp cannot 
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be used because the quartz glass allows the ultraviolet rays — which are 
otherwise held back by ordinary glass — to pass through, and these rays 
(in which the Hg vapour lamp is very rich) have an extraordinarily 
strong physiological action, causing bums, inflammation of the 
retina, &c. The importance of this lamp lies in its scientific and 
medical applications. 

Seeing that the ultraviolet rays have been used with good result for the 
treatment of skin diseases experiments have been made with a view of con- 
structing a lamp similar to that of Hebaeus but in which the costly quartz 
glass is replaced. Such a lamp is Schott's UviolUamp ; the tubes consist of a 
special glass which allows a large percentage of the ultra violet rays to pass 
through freely. 

The ordinary mercury vapour lamps would be more widely used for illumi- 
nating purposes if the light did not possess such an unpleasant cold bluish - 
wliite tone. Many attempts have been made to remove this drawback by 
means of coloured globes. In the so-called orthochromatic lamp a mercury 
vapour lamp is combined in one globe with several common carbon filament 
lamps; the bluish-white mercury light and the reddish carbon light form 
together a very pleasant white illuminant. 

The mercury vapour lamp is becoming of increasing importance 
for photographic studios on account of its richness in chemically 
active rays. 

Mergol. Mercury cholate (C24H3905)2Hg. Yellowish-white powder 
insoluble in water. Prescribed in capsules with tannin and egg albumen 
in syphilis. 

Meriodine (Mercury sozoiodol). Prescribed in syphilis as tablets, each one 
containing 0.005 g Hg. 

Mesotan == Methyloxymethyl ester of salicylic acid. 

/OH 

CeH/ 

^GOOCHj . O . CH3. 

Clear, slightly aromatic oily liquid S. G. 1.2 at 15® C. Slighly soluble in 
H 2 O, and soluble in all proportions in alcohol, ether, benzene, chloroform, 
and fatty oils. 

Mixed with an equal amount of olive oil it is used as an ointment in rheumatic 
diseases. It is not used internally. 

Metachrome mordants see “Chrome mordants”. 

Metakaline. Solid disinfectant. According to composition a cresol soap 
preparation, consisting of 80 % of a crystallized double compound of potassium 
ni-cresolate -f- 3 mol. m-cresol with 20 % soap. 

Metakaline therefore contains 73.54 % pure m-cresol, the most effective 
bacteriologically and at the same time least poisonous phenol. In contrast to 
all other cresol disinfectants it is not a mixture but a definite chemical com- 
pound, as it contains no isomers or homologues of m-cresols. Its power 
of disinfecting is very considerable. 

The preparation of metakaline was rendered possible when the double com- 
pound of potassium m-cresolate and 3 mol. m-cresol was discovered (Germ. 
Pat. 166761). 

It is sold in the form of tablets. 
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Metals. 



Specific 

gravity 

Melting 

point 


Specific 

gravity 

Meltinp 

point 

Aluminium .... 

2.67 

660® 

Magnesium 

1.74 

700^0800® 

Antimony 

6.71 

425® 

Manganese 

up to 8.0 

1900® 

Barium 

4.00 


Mercury 

13.596 

— 42 » 


9.82 

270® 


8.9 

1 600 ® 

Cadmium 

8.66 

316® 

Osmium 

22.46 

2500“ 

Calcium 

1.58 

at red heat 

Palladium 

11.4 

1700“ 

Chromium 

6.8 

over 2000® 

Platinum 

21.6 

1800“ 

Cobalt 

8.6 


Potassium 

0.865 

62 “.5 

Copper 

8.95 

109® 

Rubidium 

1.52 

38 “.5 

Gold 

19.265 

1064® 

Silver 

10.468 

1 000 “ 

Iridium 

22.4 


Sodium 

0.974 

95 “.6 

Iron, pure 

7.85to7.88 

1800® 

Steel 

7.6 to 7.8 

1300“ to 

Iron, wrought . . . 

7.79to7.85 

1600® to 



1400“ 



1 1600® 

Strontium 

2.50 

at red heat 

Iron, cast (white). 

7.58to7.73 

1050® 

Thallium 

11.8 1 

290“ 

Iron, cast (grey) . 

7.03to7.I3 

1200® 

Tin 

7.30 

235“ 

Lanthanum .... 

6.05 


Zinc 

6.91 

423" 

Lead 

11.367 

334® 

Zirconium 

4.15 

2000“ 

Lithium 

0.594 

180® 





Hardness (Lead = 1), Aluminium 17.3, Bismuth 3.3, Cadmium 6.9, Copper 19.3, 
Gold 10.7, Iron, cast (groy) 64.0, Iron, wought 60.7, Platinum 24.0, Silver 13.3, 
Tin 1.7, Zinc 11.7. 


Metal colouring. To this class of colouring belong oxidizing, platinizing, 
browning, bronzing, &c. Almost all metals and their alloys can be coloured, 
but silver, copper and copper alloys are those most usually treated, although 
iron is also very frequently coloured in other ways than the usual browning 
(of gun barrels) &c. 

1. Colouring silver (Oxidising). “Old silver’' is produced by converting 
the surface into silver sulphide. Buchner (“Die Metallfarbungen”) and 
Steinbach and Buchner (“Die galvanischen Metallniederschlage”, Berlin 
1896) recommend the following solutions for the above purpose. 



I 

grammes 

II 

grammes 

* III 

grammes 

Potassium sulphide 

1.0 


5.0 

Ammonium sulphide 

— 

4.0 

— 

Ammonium chloride 

— 

8.0 

— 

Ammonium carbonate 

— 

— 

10.0 

Water 

1 kg 

1 kg 1 

1 kg 

Applied 

at 100® C 

at 70—80® C 

Cold 


The colour will be first yellow brown and later dark blue black. After 
treatment the article is brushed with HoO and pumice stone or with powdered 
cream of tartar. If a fine black is wished, the article is first dipped in a solution, 
of mercurous nitrate rinsed in water and treated with one of the sulphide 
solutions. 

2. Browning copper. The article is rubbed with powdered blood stone, 
with antimony sulphide or with a mixture of both, in a dry state with a soft 
leather. The sulphide of antimony gives a blackish brown, the iron oxide 
a pure brown tint. The article can also be warmed as hot as the hand can 
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hold and rubbed with a mixture consisting of the following: — lOg potassium 
nitrate, 10 g NaCl, 20 g ammonium chloride, 20 g ammonium acetate, and 
60 ccin glacial acetic acid dissolved in one litre of HgO. Another method is 
to dip the article, which must first be well cleaned, into boiling water and then 
into the following bath. 15 g potassium chlorate 7 g potassium nitrate, 
20 g sodium sulphate 20 g ammonium chloride, and 400 ccm of glacial acetic 
acid in 1 litre of water. The following solution is also strongly recommended 
(this must also be used at boiling point, and the article must previously be 
heated in warm water) : — 5 g of neutral copper acetate and 2.6 g ammonium 
chloride are dissolved in 1 litre of water. The solution is evaporated to a quarter 
of a litre, when 30 ccm glacial acetic acid are added and the solution boiled 
again for 5 minutes. After this the slight sediment is filtered off and the filtrate 
diluted to 4 litres. After any of these operations the article should be treated 
with a scratch brush. 

3. To COLOUR COPPER RED. According to Germ. Pat. 149566 the articles 
are dipped into a bath of molten potassium nitrite at red heat. The colour 
passes from yellow-brown to bright-red. Or the article can be heated to red 
heat and sprinkled with the nitrite. The heating must be continuous and the 
object constantly turned. When the desired tint is obtained it is allowed to 
cool and the excess of nitrite Washed off with water. According to Germ. Pat. 
152586 the copper article is heated to a cherry-red heat, then cooled to black - 
heat and suddenly dipped into a solution of ferric chloride (16 g Fe 2 Cle in 
1 litni of distilled water). By this means any tint from red to violet can be 
obtained. 

Mention should also be made here of Germ. Pat. 153308 according to 
which a red colour, the so-called blood bronze, can be obtained by heating 
the copper article to red heat. Tliis covers the article with a coating of cuprous 
oxide below and cupric oxide on the surface. After cooling the article is 
polished on a wheel till the black CuO coatii^ is rubbed away and the burnished 
red CugO coating appears. According to Germ. Pat. 163067, highly polished 
copper articles are galvanized with As or Sb. The bath is prepared by dissolv- 
ing salts of antimony or arsenic in KCN solution and adding this to a solution 
of FcgCl^, till the precipitate re -dissolves. An iron plate is used as anode. 
The coated article after being galvanized is heated to cherry-red and then 
again polished. The colour obtained is red to violet, all shades of which are 
durable and not affected by external agencies. 

4. To BLACKEN COPPER. A Solution of ammonium sulphide is used for this 
purpose. A little sulphur should be added to the liquid, which is then applied 
to the heated article with rags. This operation is repeated several times 
and the article is finally well rubbed with a little olive oil. The following 
black stain is recommended by the Physik.-Techn. Reichsanstalt. In 1 litre 
of HgO 300 g of cupric nitrate and 12 g of silver nitrate are dissolved. If 
the Cu salt crystallizes out, more water must be added. The articles are treated 
for 5 — 10 minutes in HCl (1 litre of HjO + 1 litre of HCl), and are then dipped 

the cop^r solution at 45® C, or they can be brushed with the solution 
instead of oeing dipped. After drying which must take place very slowly, 
A# ^ wiU appear green, but will turn deep black on heating over a coal fire. 
After cooling the articles are treated with a scratch brush on are well rubbed 
^th oil. 

5. To COVER COPPER WITH PATINA. The patina will only look well if it is 
developed very slowly. First the brown tone must be obtained by treating 
the article with a very dilute solution of ammonium sulphide. The colour 
inust on no account be dark. The following solution is then painted or brushed 
on to the dried article. 4g of potassium binoxalate, 8 g of ammonium chloride, 
? g of sMt and 50 g glacial acetic acid in 1 litre of H^O. (Compare also the 
instructions for coating brass with patina, No. 8 of this article.) The process 

Bltioher. 27 
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must be repeated several times, letting the article become perfectly dry 
each time without rinsing, before repeating. If a patina of a blue green shade 
is desired the article should be painted over before the last coating with a 
solution of ammonium carbonate. The dried patina coating should be finally 
treated with a soft clean brush or with a scratch brush. Of late it has become 
more usual to carry out this operation of covering copper with patina by 
electrolysis. Setlik states that if copper, brass or bronze objects are hung aa 
anodes in a 4 % solution of ammonia with a current of 2 volt a beautiful 
patina will appear rather rapidly, the colour being first red, and if left longer 
changing to green. According to Germ. Pat. 03543 a weak solution of car- 
bonates should be used as electrolyte, the current being regulated to 1 amp. 
per 1 sq. m surface and 3 volt. The process with ammonia appears however 
to be a better one. 

6. Browning brass. The article is dipped in a solution of 10 g of potassium 
permanganate, 50 g glacial acetic acid and 5 g of HCl in 1 litre of HgO. ' A 
light brown is obtained by treatment with the following solution. 20 g of 
ASgOg and 20 g of KgCO., are boiled with 200 g of HgO till completely dissolved. 
The solution is then diluted to 2000 cem, and 500 g of yellow ammonium 
sulphide added. The articles should be completely immersed, quickly 
rinsed in H 2 O, rubbed dry and varnished. 

Articles can also be browned by brushing while dry in the way given under 2 
(Browning copper), that is with oxide of iron, antimony sulphide and arsenic 
sulphide. By a suitable mixture of these substances and treatment for a longer 
for shorter time, shades ranging from light brown to black can be obtained. 

7. To COLOUR BRASS BLACK. The best plan is to treat the articles with 
the following solution of copper oxide in ammonia which acts even when cold. 
1 litre of ammonia, S. G. 0.96 is placed in a flask with 125 g of CuCOg, well 
shaken until the latter is almost entirely dissolved, and 500 cem water are then 
added. The solution keeps well if the bottle is properly stoppered 
and needs only to be freshened from time to time with a little NHg. The objects 
when placed in this solution will after a time become black. If the tint is 
not yet satisfactory, the article is redipped in the solution a second time. 
The articles must be well cleaned before treatment and should not be touched 
with the hands as this causes spots. After the oxidation is complete, the 
article should be well rinsed and after being thoroughly dried it should} be 
covered with a blaek varnish. Brass objects can also be made black with the 
stain recommended for colouring copper black in No. 4 of this article. 

8. To COVER BRASS AND BRONZE WITH PATINA. The process is Very similar 
to the one described for the treatment of copper. The article is first browned 
with liver of sulphur to a light shade and then dipped in the solution given 
under No. 4 Covering copper with patina, or in the following one which 
is also recommended. 10 g of ammonium chloride, 10 g of cream of tartar, 
45 g of salt, 80 g of cemper nitrate and 60 cem of glacial acetic acid are dissolved 
in 1 litre of HgO. The rest of the treatment is precisely the same as that 
given above for copper. The solution just mentioned, can also be used for 
copper. It must be once more repeated that a good coating of patina can only 
be obtained slowly. Also the electrolytical process, given in No. 5, using 
a NH4CI electrolyte can be used with great advantage for covering brass and 
bronze with patina. 

9. To COLOUR IRON AND STEEL BLACK. The oxidized articles of iron which 
are now so popular are produced by dipping the clean article in boiling water 
and then immediately afterwards into a solution of 1 part of potassium 
bichromate in 10 parts of H 2 O. The article is then dried in the air and heated 
over an open smokeless coal fire. In this way a black to brown colour is 
obtained. By repeating the whole process several times and heating inten- 
sely a blue black and even a deep, jet black tint can be obtained. 
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10) Browning iron and steel. This process is mostly used for fire 
arms and especially gun barrels. A solution of 125 g of copper sulphate, 
160 cem of HNOg, 1 litre of HgO and 16 cem of alcohol is painted on in thin 
coatings and allowed to stand for 3 — 4 hours. The slight rust then formed 
is brushed off with a bristle brush. The process is repeated about 6 times in 
the course of three days, the traces of acid are then washed off with boiling 
H^O, the article is dried, smoothed with a polishing wood and finally well 
rubbed with oil. The procedure is similar when a browning mixture con- 
sisting of 1 litre antimony chloride with of a litre of olive oil is used. The 
emulsion, which must be well shaken, is painted on to the slightly warmed 
gun barrel, and the article put aside for 24 hours. After this time has elapsed 
the gun barrel is oiled and carefully rubbed. By repeating this treatment a 
fine even brown will appear in about 8 days time, when the article should 
})(' finally well polished with a scratch brush or a polishing steel. 

Metal polishes, grinding and cleaning media. These are emery, Vienna lime, 
chalk, pumice stone, tin ashes, stearin oil (polisli oil), English red, and many 
other preparations, consisting of the materials mentioned and others. See 
also “Polishing and grinding materials^. 

Metal soaps. Salts of the heavy metals and fatty acids are usually described 
by this term. The Germ. Pat. 148794 deals with the simple and economical 
pri'paration of solutions of metal soaps for coating, impregnation, and dis- 
infecting purposes. The patent deals more especially with the saponifications 
of the oleic and colophonic acid salts of Cu, Fe, Pb, Mn, Co, Ni, Al, Zn, Mg, 
Sn, 8b, Ag, and Hg. The process is essentially based on the employment of 
phenols, such as carbolic acid and cresols (more especially the crude commercial 
carbolic acid) with the addition of alkali or ammonium soaps, as solvents 
of the metallic soaps. In this way solutions of metal soaps in phenols are 
obtained, which may or may not be soluble in water. To produce for instance 
a copper soap solution, an aqueous solution of copper sulphate in certain 
proportions is added to a solution of a crude cresol potassium soap, which 
contains 5 parts of soluble crude cresol in soda lye, to 3 — 5 parts of a potassium 
fatty acid soap, soluble in water: In this case, the copper soap does not 
separate as a precipitate, as it does when copper sulphate is added 
to an aqueous alkali soap solution, but passes directly into the cresol, while 
the potassium sulphate simultaneously formed goes into solution, or is partially 
precipitated. Two clear layers are formed which can be easily separatea. 
After the upper, viscid, green, cresol layer is removed, it will be found to contain 
a solution of copper soap uncombined with the potassium sulphate. It is 
thus formed without the necessity (as in the usual methods), of a tedious process 
of washing to remove the alkali salts which appear simultaneously with the 
copper soap. 

According as the soap is entirely or partially converted into the metal 
soap, insoluble or soliible products, are obtained. Oleic or colophonic 
acid can also be dissolved in phenol &c. and treated either with metallic 
compounds alone or with a mixture of these and the alkalies, the latter being 
used to combine with the acid or to help to form the soap. Again metal soaps 
can be mixed with phenols or with phenol and alkali soaps. According to the 
Supplement to Germ. Pat. 148795, the phenol described in the original patent 
replaced entirely or partially by tar, or petroleum hydrocarbons. 

Metal soaps are obtained in solution, if the mixture is treated with 
sufheient quantities of alkali or ammonium soap. The metal soaps are also 
rendered soluble in water if treated with hydrocarbons or hydrocarbons and 
phenols. The products obtained, especially when light hydrocarbons such as 
petroleum ether, benzine, petroleum, benzene or mixtures of these substances 

27 * 
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with phenols have been used, are, when employed in a soluble form, excellent 
destroyers of underground vermin and harmful creatures. The process of 
manufacture for metal soap solutions is analogous to that given in the 
original patent. 

Metal casting of all kinds: 

Volkmar Haenig & Comp., Heidenau-Drasden, Germany (see front part advt.). 

Friedrich Heckmann, Berlin SO. 16, Briickenstr. 6b, (see advts.). 

Metal tubing see “Hose”. 

Metallic coverings, platings see under “Electro plating'*, “Metal 
colouring”, “Plating”, “Lead-”, “Gold”-, “Copper-”, “Brass-”, “Nickel 
“Platinum-”, “Silver-”, “Steel-”, “Zinc-” and “Tin-plating”. 

Metalline see “Cobalt alloys“. 

Methanal see „Formaldehyde“. 

Methylacetanilide see „Exalgine“. 

Methyl alcohol. On a commercial scale methyl alcohol is prepared from tho 
crude pyroligneous acid (q. v.) of wood distillation (q. v.). The crude pyro- 
ligneous acid is distilled in copper retorts with three Ptstorma basins placed one 
above the other; the whole of the methyl alcohol has passed when the S. G. 
of the distillate leaving the cooler rises from 0.9 to 1. The crude wood spirit 
thus obtained, a greenish yellow liquid of disagreable smell, is mixed with 
about 2 % of lime to remove the many impurities, and after standing 
for several hours is distilled in a rectifier with six Pistorixis basins (the apparatus 
resembles that used in rectifying spirits, see “Rectification”). The colourless 
distillate (S. G. 0.816) becomes brown upon standing and turns milky when 
mixed with water. It is mixed with HgO until the S. G. is 0.935, and left 
to stand for several days. The liquid is removed from the oily layer, mixed 
with 2 % of lime and redistilled; the distillate finally is mixed with 0.1 — 0.2 % 
H2SO4 and rectified, the fraction passing between 64 and 66® C being collected. 

Wood spirit thus rectified always contains acetone, an impurity which is 
objectionable for many purposes. Various methods of removing it have 
been proposed. Pure methyl alcohol is generally prepared by first forming 
a metnyl ester. This is separated from the liquid, decomposed by KOH, 
and pure methyl alcohol then obtained by distillation. E. g. methyl oxalate 
is produced from pure wood spirits, concentrated H2SO4 and potassium 
oxalate, or wood spirit is treated with sodium formate and HCl to give methyl 
formate, after which the method indicated above is followed. Methyl benzoate 
has also been used for this purpose. 

According to the Germ. Pat. 138442 methyl alcohol is obtained by electrolysis 
of sodium acetate and sodium perchlorate. The Amer. Pat. 774824 and the 
French Pat. 352687 deal with the preparation of methyl alcohol from methane. 
This gas (according to the former patent) is conducted over heated metallic 
oxides (e. g. Fe203) while the other patent uses a solution of hydrogen peroxide 
as oxiduing agent, through which the methane is passed. 

Pure methyl alcohol is a colourless liquid of faint smell, burning with a 
colourless flame; S. G. (at 16®) 0,7984; B. P. 66® C. It mixes in any proportion 
with HjO, alcohol, ether, and chloroform. Wood spirit is used in the pre- 
paration of varnishes and polishes, to denature spirits. Pure methyl alcohol 
containingno acetone is used in the manufacture of coal-tar dyestuffs. 

lisT. The water is determined from the specific gravity, using the following 
table by Dittmab and Fawsitt, referred to a temperature of 16.56®. 



Methyl alcohol. 


421 


®/o 

Methyl- 

alcohol 

S. G. 

at 16.66® 

Weight ®/o 
Methyl- 
alcohol 

S. G. 

at 15.66® 

Weight ®/o 
Methyl- 
alcohol 

8.G. 
at 16.66® 

Weight •/„ 
Methyl- 
alcohol 

S. G. 

at 16.56® 

j 

0.99729 

38 

0.94066 

63 

0.89133 

82 

0.84621 

2 

0.99554 

40 

0.93697 

64 

0.88906 

83 

0.84262 

4 

0.99214 

42 

0.93336 

65 

0.88676 

84 

0.84001 


0.98893 

44 

0.92976 

66 

0.88443 

86 

0.83738 

8 

0.98669 

46 

0.92610 

67 

0.88208 

86 

0.83473 

10 

0.98262 

48 

0.92237 

68 

0.87970 

87 

0.83207 

12 

0.97962 

60 

0.91865 

69 

0.87714 

88 

0.82938 

14 

0.97668 

61 

0.91661 

70 

0.87487 

89 

0.82668 

IG 

0.97379 

62 

0.91466 

71 

0.87262 

90 

0.82396 

18 

0.97039 

63 

0.91267 

72 

0.87021 

91 

0.82123 

20 

0.96808 

64 

0.91066 

73 

0.86779 

92 

0.81849 

22 

0.96624 

65 

0.90863 

74 

0.86635 

93 

0.81572 

24 

0.96238 

66 

0.90667 

76 

0.86290 

94 

0.81293 

26 

0.96949 

57 

0.90460 

76 

0.86042 

96 

0.81013 

28 

0.96666 

68 

0.90239 

77 

0.86793 

96 

0.80731 

30 

0.96365 

69 

0.90026 

78 

0.86642 

97 

0.80448 

32 

0.96063 

60 

0.89789 

79 

0.86290 

98 

0.80164 

34 

0.94732 

61 

0.89598 

80 

0.85036 

99 

0.79876 

36 

0.94399 

62 

: 0.89368 

81 

0.84779 

100 

0.79689 


For chemically pure methyl alcohol the following holds. 1. Non volatile 
substances : When 30 cem are evaporated on the water bath there should be 
no weighable residue. 2. Free acids are tested by blue litmus which should 
not become red. 3. Ethyl alcohol. Methyl alcohol is heated with H2SO4 
diluted with water and distilled. The distillate is treated with KMn04, then 
with H2SO4 and finally with NaoSjOo. When dilute fuchsine solution is added 
it should not turn violet. 4. Aldehyde. A mixture of methyl alcohol with con- 
centrated caustic soda solution should remain colourless. 6. Acetone. When 
10 cem methyl alcohol are mixed with caustic soda and an aqueous solution of 
iodine in potassium iodide no clouding due to iodoform should take place 
even after standing some time. 6. Empyreumatic substances are best recognized 
by their smell after rubbing a drop of methyl alcohol between the hands. 
7. Permanganate test: When 10 cem methyl alcohol are mixed with 2 drops 
potassium permanganate solution (1 : 100) the ensuing red colour should not 
disappear in less than 10 minutes (at 15® C.). 

When the exact contents of methyl alcohol in the material is to be determined 
the method of ICrabmbb (an improvement on Krell's method) is used; it is 
founded on the fact that methyl alcohol when treated with phosphorus tri- 
lodide is transformed quantitatively into methyl iodide, while the impurities 
are not affected. The process is carried out as follows : 30 g phosphorus tri- 
iodide PL are placed in a small retort of about 60 cem capicity. The retort is 
connected with a reflux condenser and 10 cem methyl alcohol allowed to run 
in drop by drop through a dropping funnel ; then 10 cem of a solution of one 
part iodine in one part hydriomc acid (S. G. 1.7) are added. After a little 
shaking the solution is cooled and connected with a condenser (which must be 
efficient because of the great volatility of the methyl iodide). Distillation 
on the water-bath follows, a graduate cylinder containing a little water 
acting as receiver. After distillation the condenser tube is rinsed with cold 
water, the distillate well shaken, and the amount of separated methyl iodide 
determined at 16® C. According to Kbbll, 6 cem pure methyl alcohol give 
7.19 cem CHgl at 16® so that knowing the S. G.of metnyl alcohol its percentage 
calc^ated from the amount of methyl iodide found. 

Besides chemically pure methyl alcohol other kinds are sold which will 
dot stand the testa given above. For these products, the makers ^arantee 
by agreement the foflowing properties: 1. Methylalcohol : — S. G. should not 
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be less than 0.7995. 2. Not more than 0.7 % acetone should be found b 
Krabmeb’s method. 3. At least 95% of the methyl alcohol should distil withm 
one degree centigrade. 4. The alcohol mixed with twice the amount of 66 "V 
sulphuric acid should not become darker than pale-yellow. 5 . 1 ccm of a 
solution of 1 g potassium permanganate per liter should not be instantly 
rendered colourless by 5 ccm of the alcohol. 6. 25 ccm with 1 ccm bromine 
solution, as prescribed by the German Customs for the examination of wood 
spirit intended for denaturing (1 part bromine in 80 parts 50 % acetic acid) 
should remain yellow. 7. The alcohol mixed with any quantity of caustic soda 
solution must remain colourless. 

Kraemer's method of determining acetone is based upon the fact, that 
acetone is converted into iodoform quantitatively by iodine in presence of 
alkalies, while methyl alcohol and other impurities present in wood spirits do 
not give this substance. The method is as follows: 10 ccm 2 NNaOH solution 
are placed in a 50 ccm mixing cylinder with glass stopper, and then 1 ccm of 
the substance under examination, and after shaking well 5 ccm 2 N iodine 
solution. After standing for a short time, 10 ccm ether free from alcohol 
are added and the shaking is repeated. The volume of the separated ether 
is read, an aliquot part removed with a pipette (about 5 ccm) and allowed to 
evaporate on a taredwatchglass, when the iodoform remains in the form of yellow 
crystals. The glass is put over H2SO4 for a short-time and is then weighed. 
394 parts iodoform correspond to 58 parts acetone. Taking the S. G. of the 
wood spirit into consideration, the contents of acetone are easily calculated. 

Methyl alcohol: 

Stora Kopparborg.^ Borgjl ags Aktiebolag, Falun, Sweden. 

Rectifying apparatus for methyl alcohol; 

Volkmar Haenig A Comp., Heidenau-Dresdon, Germany (see front part advt.). 

Friedrich Heoktnann, Berlin SO. 16, Briickenatr. 6b (see advts.). 

Methyl aldehyde see “Formaldehyde'". 

Methyl chloride, methyl jodide, &c., see “Methyl compounds**. 

Methylal. A condensation product corresponding to acetal (q. v.). It is 
methylene-di-methyl-ether. CH2(0 . CHglg. 

Methyl alcohol is oxidized by warming with MnOg + H2SO4 and the reaction 
product, distilled. The product, containing methylal, methyl alcohol, formic 
acid and H2O, is rectified and the fraction between 40 and 50® C collected. 
This is dehydrated by CaCIg and then with anhydrous KoCOg, and repeatedly 
fractionated until a product distilling at 42® is obtained. 

Colourless, mobile neutral liquid, smelling like chloroform and acetic ether, 
S. G. at (15®) 0.855, B. P. 42®, soluble in 3 parts HgO, mixing with alcohol, 
ether and oils. It is used medicinally, externally as an ointment for lessening 
pain (1 part methylal, 30 parts olive oil) internally as a hypnotic in doses of 
1 — 5 g and inhaled in doses of 30 — 50 g as an anaesthetic. 

Methylamine see “Methyl compounds". 

Methylaniline see ‘*Aniline derivatives". 

Methylatropine. Homologue of atropine (q. v.) used like the latter. 

Methyl compounds. See Methylalcohol, Methyl anilines under 
“Aniline derivates"; the methyl esters under the corresponding esters. 

1. Di-methylsulphatb. (0113)2804. It is obtained by decomposing 
methylhydrogensulphate (CH3)HS04 at high temperatures. CH 3 HSO 4 
obtained either from chlorsulphonic acid and methyl alcohol, or from fuming 
H2SO4 and alcohol. The new Germ. Pat. 133542 is probably destined to 
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become important. SOg (quite free from H2SO4) is allowed to react with 
methyl dcohol below 0° and the reaction mixture distilled in vacuo. The 
methyl sulphuric acid thus obtained is then converted in the usual way into 
di methylsulphate at a higher temperature. It is valuable for alkylation, 
though great care must be taken in usi^ it, as it is extremely poisonous. 

2 . Mbthylamine. CH 3NH2. The Germ. Pat. 148054 is one of the new 
methods of producing it. The condensation products of aliphatic aldehydes 
with NHg or the mixture of aldehydes with NHg, or with NH4 salts are 
electrolyzed in ammoniacal or neutral solution. For instance hexa-methylene- 
tetramine is electrolyzed in Na«S04 solution with lead electrodes ; the electro- 
lyte is kept neutral by the addition of dilute H2SO4 in small quantities at a 
time; (NH4)2 SOa may be used instead of NagSO^. The resulting mixture of 
methylamine ana trimethylamine is distilled and tne two compounds separated 
in the usual way. — French Pat. 334726 deals with the preparation of methyl- 
amine. 

It is a colourless gas, smelling of ammonia, condensing on cooling to a 
liquid. B. P. — 6® C. 

3. Methyl chloride. CH3CI. It is obtained by heating 1 part methyl 
alcohol with 3 parts H2SO4 and 2 parts HCl; on a large scale it is prepared 
by heating methyl alcohol with crude concentrated H(S in autoclaves. Mo- 
lasses- and herring-brine are also used; they arc distilled and the tri-methyl- 
amine collected in HCl. By heating the tri- methylamine hydrochloride 
N(CH3)3HC1 methyl chloride is obtained. It is a gas sold in the compressed 
state; used for refrigerating purposes. 

4 . Methyl iodide. CH3I. Can be obtained by mixing 10 parts iodine 
with a cooled mixture of 4 parts methyl alcohol and 1 part amorphous phos- 
phorus. After standing for 24 hours the CH3I is distilled. The distillate is 
shaken with a solution of soda, the water removed by CaClg, and redistilled. 
It is a heavy colourless liquid of sweetish smell; it turns brown on keeping. 
S. G. (at 0®) 2.1992; B. P. 43.8®. When treated with water in the cedd it 
crystallizes as 2 CH3I + HgO. Methyl iodide is used in organic synthesis, 
particularly in the preparation of methylated coal-tar colours. 

Methyldiphenylamine see “Diphenylamine**. 

Methylene blue. An important coal-tar colour, belonging to the oxazines 
and thiazines (q. v.). It is regarded as a tetramethylated thionine of the 
following constitution: C3H3 — N = (CH3)a 

n/\s 


C,H, = N = (CHj), 

'^Cl 

Formerly it was prepared by reducing a strongly acid solution of nitroso- 
dimethylamine with HgS. Or the reduction was carried out with zinc dust 
and the resulting dimethyl-p-phenylenediamine oxidized with FeoClg in pre- 
sence of a considerable excess of HgS. In the formation of methylene Blue 
two molecules of dimethyl-p-phenyldiamine combine with loss of one 
atom of N (as NH^). The resulting colour is precipitated by adding common 
salt and zinc chlonde and is sold as a double salt of zinc chdoride. 

This method has been almost completely replaced by the more recent thio- 
sulphate process : p-amidodimethylaniline is oxidized in presence of sodium 
thiosulphate to p-amido(hmethylanilinethiosulphuric acid 


(CHglg.CgHg/ 


NHg 

S . SO3H. 
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This acid is oxidized with dimethylaniline and chromate to indamine (in 

xr/nrr \ 

soiuble) 


.N(CH3)2, 
(CH,),N:C.N,:N.C,H3/ ’ 

I . SO3 


I 


which is decomposed by boiling in zinc chloride solution. The leuco-base 

.NR 

(CH,)3N . C.H3/ )c,H3 . N(CH3)3 

s 

is formed which on oxidation gives methylene blue. 

Or, dimethyl-p-phenylenediamine is allowed to act on dimethylaniline in 
presence of thiosulphate; the hydrochloride of the product of the reaction 
^ AT recrystallized if a high degree of purity is required. 

Methylene blue is also used medicinally, for malaria, neuralgia &c. In the 
two latter cases it is given subcutaneously in doses of 1 g; for malaria the 
same dose in capsule is given several times a day. It has been recommended 
as an external antiseptic, e. g. for painting diphtheretic membranes 
Test: Volumetric determination of methylene blue is conducted according 
^ rk: and V. Garuti as follows (Chem.-Ztg., Repert. 1904, 323): 

1 he methylene blue to be tested as well as the acid colours to be used in 
precipitation are dissolved in H2O, to give a solution containing 1—2 parts 
per 1000. The acid dy es which give the least soluble precipitates with methylene 
blue (these bemg as little like the colour of the blue as possible) are crystal 
ponceau, carmme(as sodium salt), pyramine orange and cotton brown. Crystal 
ponceau is the most suitable for volumetric determination. The method is 
earned out as follows:— A definite volume of the methylene blue solution is 
put into a beaker and the acid colour solution gradually added. To ascertain 
whether the added acid dye is sufficient a drop of the solution is placed on 
fUter paper and the coloured edge round the precipitate examined for colour, 
1. e- ^til it exhibits the colour of the acid dye added. Crystal ponceau and 
methylene blue combme in the ratio of 2 mol. of the latter to 1 mol of the 
former, mvmg a definite compound of the formula C.oH.nN«S^O, 

Accordmg to E. Knecht (Chem. Ztg., Repert. 1905, 6^ it is 'possible to 
determine methylene blue by titration with titanium trichloride (TiCl,) in 
hydrochloric solution. Titration is conducted in an atmosphere of CO,; 
the end-pomt is sharp and the results accurate. 

Methylene chlo^e. CHjCl,. Commercially obtained by reduction of 
CHUj with Zn + HCl. The product is purified by chemical treatment and is 
then fractionated. 

1 a- colourless liquid much like chloroform; S. G. (at W) 

1 .354 ; R P. 41-^2 It must be kept in the dark. As it gradually decomposes 
an^mtiqn of 0.5—1 % absolute alcohol is recommended which causes the 

r ^ ^ recommended as a substitute for CHCL 

but has been but little used. 


Methylethylketone. CH3 . CO . CjHg. Is usually prepared by distilling 
banum acetate with barium propionate, corresponenng to the equation. 


C2H5 . CO . 0 


CH3 . CO . 0. 

✓Ba -f- 

CHj.CO.O''^ CaHj.CO.O 
Barium acetate 


CH 

Ba = 2 ’ ^CO + 2 BaCO,. 


banum propionate methylethylketone. 
It is a liquid B. P. 81®. 



Mbthylsulphonal. 


426 


Methylsulphonal see “Trional . 

Metol see “Photographio chemicals". 

Mica. A double silicate of basic aluminium metasilicate and potassium 
ror sodium) metasilicate. It is metallic in appearance, silver-white to brownish- 
black in colour and can be split freely into colourless, thin, flexible sheets, 
rcrm Pat 144162 protects a method for the use of mica as a cementing agent. 
Finely ground mica is mixed with Al 2 (S 04)3 and a solution of agar-agar. 
The mass adheres to all materials, sets quickly and does not peel off. 
adding glycerine or resin oils a certain degree of elasticity may be imparted. 

Mica IS used for making fireproof window-panes and lamp chimneys and has 
recently been employed in large quantities as an electrical insulating medium. 
Sec “Micanite’'. 

Micanite. Mica is an excellent electric insulator, as it does not burn and 
only melts at a very high temperature. It is non -hygroscopic and offers more 
resistance to high voltage electricity than any insulating material known. 
According to a report in a special pamphlet "Das Kabelwerk der allgemeinen 
ElectricitatsgeseUschaft” a small plate of perfectly clear transparent mica 
0.038 mm in thickness cannot be pierced even by an alternating current of 
10000 volt. 

Perfectly clear pure mica is, however, rarely found in a natural state. The 
plates or flakes of mica are usually interspersed with metallic oxides, and this 
in a great measure interferes with the insulating properties. For this reason 
mica is usually separated into the different layers or flakes and the single 
segments then carefully fitted together again in the form and of the purity 
necessary for practical purposes. The need of larger pieces of a material equal 
to mica as an insulating substance has caused the introduction of a 
recently invented substitute called micanite. Micanite is a material made 
of small thin fragments of natural mica. The raw material is carefully sepa- 
rated, and the single flakes are then stuck together again by a suitable adhesive, 
one layer over the other to the requisite thickness. The metallic portions 
are removed during this process. The method of making the micanite is, 
briefly, as follows: First the single flakes are glued one on the other, as 
mentioned above, the adhesive chosen being usually shellac. The plates or 
moulded masses are then treated in a heated press, when owing to the simult- 
aneous effect of heat and pressure, the alcohol contained in the adhesive 
evaporates, and the excess of shellac is removed. 

Micanite is manufactured in plates of all sizes and thicknesses, or in the fonn 
of pipes, rinsers, collector rings and special shapes. Other products of mica 
are micanitepaper, micanite linen, micanite guttapercha and micanite asbestos. 

Microscopy. 

Great interest has been aroused recently by the researches of Siedentopf 
and Zsigmondy, who have succeeded in making visible sub-microscopic 
particles. 

Particles which are beyond the resolving power of a microscope (about 
Vifi) are described as ultra-microscopic : if these can be rendered visible they 
are called sub-microscopic, in other cases they are called amicroscopic. 

Siedentopf and Zsigmondy submit the particles to be examined to very 
strong illumination. The resolving power of the microscope is fixed by 
physical laws: the maximum lies at a magnification of about 900 diameters 
when two points at a distance from one another of 0,00016 mm can be 
^tinguished. With a greater magnification the image api^rs larger but 
the details are not clearer. In order to observe particles still smaller than 
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those mentioned, the illumination must be so great that the lower limit 
sensitiveness of the eye to light must be exceeded. It was on these lin^ 
that the two workers above-mentioned proceeded. The arrangement of th^ 
microscope is of the following nature. The particles are made self-luminous 
by means of a strong focal side-light. By means of lenses and diaphragms 
a powerful beam of convergent light, the axis of which is at right angles^ to 
the axis of the microscope, is brought to bear on the object under investigation 
The self-luminous particles now throw diffraction images into the microscope 
and the illumination is so arranged that the axes of the light cone and of 
the diffraction cone are at right angles to one another. In consequence, the 
light cone, which is much stronger than the diffraction'cone, does not coincide 
with the latter and so obscure it as would be the case if the illumination 
were from below. 

Micro Catalogue M 184, Ultrainicroacopy and Darkfield lighting micro 228 — 231: 

Carl Zeiss, Jena (Germany). 


Migraineine. A mixture of caffeine citrate and antipyrine. A crystalline 
powder soluble in 2 parts cold water: more readily in alcohol and hot water. 
On account of its antipyretic and antineuralgic properties it is used medicinally 
in cases of headaches, influenza, neurasthenia, &c. 

Migraineol. A clear brown liquid used externally for headache and toothache. 
It is a 10 % solution of menthol in acetic ester to which camphor and essential 
oils are added. 

Migrophene. Mixture of lecithine and quinine. Prescribed for headaches in 
doses of 0.25 to 0.5 g. 

Milk. The fresh warm milk is cooled in order to preserve it. The effect 
is more permanent if the microorganisms which cause the milk to turn 
sour be killed by heat, or if their development be arrested for some time. 
In preserving by heat we have to distinguish between sterilizing and pasteuriz- 
ing. The former method consists in heating the milk to 100® C for % — 1 hour 
and then by a suitable method of closing the vessels, thus preventing fresh 
germs from entering. On a large scale the milk is placed in bottles or cans 
and sterilized by warming first to 85 — 90®, and then finishing the process by 
heating to 102®. In the household (preservation of nursery milk by Soxhlbt’s 
method) the bottles are placed in a water bath, while on a large scale sterili- 
zation is effected by steam. 

A patent milk sterilizer, constructed to hold 70 — 320 litre bottles, consists 
of a wrought iron box with a tightly fitting door, containing tin sheets per- 
forated to receive the bottles; the steam enters at the bottom. Besides 
outlet taps, air valve and thermometer, an arrangement is provided which 
prevents a certain maximum pressure from being exceeded. The bottles are 
shut automatically inside the box. 

A drawback of sterilization is that milk heated above 80® gets a cooked 
taste frequently regarded as disagreeable. This is avoided by pasteurization, 
which consists of a short heating to 65 — 80® (usually 75® C). The milk is 
gradually warmed previously and then completely pasteurized at the chosen 
temperature; the warming and final pasteurizing are usually carried out with 
steam. Suitable stirrers prevent irregular heating. 

Pasteurization keeps milk sweet o^y for a certain limited time, but the 
boiled taste is avoided. 

Germ. Pat. 148096 has for its object the preparation from skimmed milk 
of milk which will keep, is drinkable and may be used for cooking. For each 
litre of milk according to the amount of salts, which prevent propipitation 
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of volk of egg on heating, as much as 30 g yolk of egg are added. The 
mixture obtained is pasteurized and sterilized in the usual way. 

A drawback especially frequent in sterilized milk (less in j^asteurized milk) 
is the gradual separation of the constituents, the cream gathermg at the surface 
and below it the aqueous casein and salt solution. Various methods have been 
suggested to prevent this separation, e. g. shaking the bottles continually 
du^g the process of pasteurization. A better method is apparently that of 
Gaulin ; the milk is made homogenous by breaking down the fat globules 
during heating, by means of high pressure. 

Chemical means of preserving milk are on the whole not to be recommended, 
nor are they legal. Hydrogen peroxide has lately been recommended; its 
effects though not antiseptic are preserving. 

On preserving milk by thickening, solidifying, &c., &c., see “Milk pre- 
parations''. 

Milk preparations. The most important milk preparations are condensed 
milk, milk extract, and milk powder. 

1. Condensed milk. This is prepared by evaporating fresh milk in vacuo. 
In most cases about 12 % of cane sugar is added, and when the milk is reduced 
to 1/3 to % its volume it is placed in tins which are closed by soldering. The 
milk which is condensed without sugar does not keep nearly so well. Accord- 
ing to Danish Pat. 6649 (1902) condensed milk is produced by forcing fresh 
milk under pressure through one or more colloidal filters; fat and caseine 
remain behind, while sugar and salts pass through in solution. The filtered 
substance is then evaporated almost to dryness, and finally again mixed 
with the fat and caseine. According to Germ. Pat. 143090 the milk is gradually 
poured on to a rotating refrigerator, which revolves so rapidly that only the 
ice formed from the water of the milk remains on the cylinder, while the 
other constituents are thrown off by the centrifugal force into a stationary 
receiver, built round the refrigerator; from this it is afterwards collected as 
condensed milk. See also Germ. Pat. 166847, 166848 and 167863. 

2. Milk extracts. In a broad sense condensed milk is nothing but an 
extract of milk, but in the strict sense of the name, by milk extract is under- 
stood an article of luxury similar to extract of meat. The process of pre- 
paration is described as follows in Germ. Pat. 148419. Skimmed milk is 
peptonized and the milk sugar present inverted. The monose sugars resulting 
from this separation are fermented with yeast, after w^hich the product is 
heated, filtered and evaporated. The Amcr. Pat. 747678 dealing with the 
same problem proceeds thus: — Milk is treated with H2SO4 and heated, when 
the albumen is peptonized. The H2SO4 is then precipitated by CaCOg, the milk 
sugar is removed by crystallization, H.2O2 is added to prevent fermentation 
and the substance is boiled with a small quantity of monopotassium phosphate. 
Mention can only be made here, for want of space, of Germ. Pat. 134697 for 
the production of a milk malt extract. 

3. Milk powder. A distinction must be made clearly drawn between 
artificial and genuine milk powder. The artificial milk powders are mixtures 
of casein, butter- fat, milk sugar, and salts, which are intended to form, on 
being mixed wdth luke warm or hot water, a fluid in appearance and contents 
similar to milk. It is remarkable that just lately the Amer. Pat. 746502 has 
been taken out for a mixture of this kind which has been known for a long 
lime. Several processes have been described for the preparation of powder 
from milk itself. Such as powder is obtained [Engl. Pat. 1786 (1902)] 
by drying milk either in vacuo or at the ordinary pressures at 75® C. or below. 

1 he milk must contain as much salt as is necessary for the solution of the 
albumen, so that eventually salts, and also non-crystallizing sugar or syrup 
must be added. This method by Ekenbbro has been modified by the inventor, 
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in that the milk is mixed with carbohydrates (partially converted into dev 
trine), (Swedish Pat. 18845). The carbohydrates are prepared by treating 
starch in presence of HgO with oxidizing agents such as KMn 04 , Cl, ozone, &c^ 
and then acting upon the mixture with dilute acids. According to Engl! Pat 
21617 (1902), the milk is heated either in extremely shallow vessels or in 
the form of a fine shower, so that the water may pass off rapidly. In tliis case 
also salts are added to prevent the albumen from oeing made insoluble. Germ. 
Pat. 150473 differs but slightly from this method. According to Amer. Pat. 
723254 steam is blown through the milk till a temperature of about 93‘*C is 
reached, the milk is then concentrated in vacuo at about 43® C to about 
23® B4, the condensed product mixed with the same weight of prepared milk 
powder, the mixture dried and finally brought to the consistency of a fine 
powder. 

A butter milk in the form of powder has lately been brought on the market 
under the name of Lactoserve. It is made by stemizing good milk 
by Pasteur’s method, then subjecting it to the action of lactic acid bacteria, 
at a temperature of 36®, until a certain degree of acidity is obtained. The 
product is then dried in vacuo at 50®. The residue is ground and mixed in 
the proportion of 300 g of sugar, 100 g of wheat flour and 20 ^ of roborate to 
1600 g of the powdered milk. The preparation forms a white flour of the 
following composition, dry matter 89,36%, albumen 22,94%, fat 11,28%, 
carbohydrates 51.70%, salts 5,02%. By adding 200 g of this powder to 
1 litre of boiling water an emulsion resembling fresh butter milk is obtained 
which is said to prove a good and nourishing food for children, especially in 
cases of intestinal trouble. 

See also Germ. Pat. 179657, 183319, 183974, and Amer. Pat. 860327. 

Compare also the article on **Molcose**. 

Milk condensing apparstas: 

G. Soott A Son Ld., 2 Talbot Court, London E.C. 

Milk condensing plant: 

Volkmar Hsenig & Comp., Heidenau-Dresden, Germany (aee front part advt.). 

Milk preserving apparatus: 

Friedrich Heckmann, Berlin SO. 10, Briickenatr. 6b (see advta.). 


of 

crystallizes out. To purify it, it is re-dissolved, ffltered through animal 
charcoal and re-crystallized. The process used in the manufacture of beet 
sugar is frequently followed. The whey is boiled with milk of lime, saturated 
and filtered &c. (see “Molasses” and “Sugar manufacture”). 

According to the Amer. Pat. 730703 the whey is m^e slightly alkalin^ 
evaporated to half its original volume, freed from proteids, again evaporated 
to of its volume, and the lactose precipitated with alcohol. 

Other methods of preparing milk sugar are proposed in the Amer. Pat. 772517 
and in the Swedish Pat. 18221 (1904), though these methods contain nothing 
matericdly new. According to Germ. Pat. 184300 milk sugar is obtained from 
milk by precipitation of the caseine with SO*. From the filtrate the milk sugar 
is obtained in the usual way. 

Purified milk sugar forms pure white crystals with a slightly sweet taste. 
It dissolves in 6 parts of cola water and 2.5 parts boiling water. 

Milleniom light Coal gas compressed under a pressure equal to a column 
of water 1.3 m high and burnt in special burners. light of 1800 candle power 
can be thus obtamed for a small consumption of gas. 


Milk sugar (Lactose). 
milk sugar is whey, i. e 
nbAARA makinv. 


CijHnjOn. The raw material used in the manufacture 
!. the liquid remaining, after separating the casein 
The whev. free from curd, is evanorated until the sugar 
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MiUs. 

Mills for mixing pigments: 

Werner Tfleiderer & Perkins Ld., Peterborough. 

Grinding Mills: 

W. Stamm,* 26 College Hill, London E.C., Sole agent for Friedr. Krupp A.*Q. Qruaonwerk, 
Magdoburg'Buokau, Germany. 

Max Friedrich & Co., Leipzig-Plagwitz 17. 


Edgemills: 

Max Friedrich & Co., Leipzig-Plagwitz 17. 

Edgemills with runner and bed stones of granite: 

J, M. Lehmann, Dresden-A. 28, Germany (see front part advt.). 

Mineral colours see under respective metals. 

Mineral tanning. For general details as to the preparation of the hides, see 
“Tanning**. The process differs from the ordinary methods of tanning in that 
the materials used for treating the hides are of inorganic and not of organic 
origin. White leathers are obtained by the use of aluminium salts. Chromium 
salts are now very largely used (chrome leather), and so also are iron com- 
pounds. 

In alum dressing the clean unhaired hides are drawn backwards and for- 
wards through a bath of alum and common salt, hung up without washing 
and allowed to dry. When dry, the stiff leather is softened by moistening and 
scraping with knives. 

In the preparation of glac6 leather the liming and unhairing must be 
carefully performed; yolk of egg and wheat flour are also added to the 
alum and salt bath. A quick method is described by French Pat. 334006, 
according to which the hides are first treated with alum and salt and then 
placed at once into strong vegetable tannage. This process is said not to 
damage the leather. 

Chrome tanning is carried out by two methods both of which had their 
origin in America, viz. the one-bath process or the two-bath process. Only 
salts of chromic oxide have any tanning effect on the hide and of these the 
basic salts are most effective. Salts of chromic acid must on the contrary be 
reduced to chromic compounds. In the one-bath method the hides are treated 
^vith solutions of salts, more especially basic chromium sulphate and chromium 
oxychloride. In the other method the goods are first steeped in a solution of 
or NajCrjO^ acidified with HCl. In the second bath the chromate is 
reduced to the chromic state usually by a solution of sodium thiosulphate to 
which HCl is added. Afterwards the tannage is fixed by treatment with 
solutions of lead acetate, barium chloride or soap. The leather is finally 
washed, (^ed, stretched and greased by dipping it into a warm benzine solution 
of paraffin. The details of the chrome-tanning process have been greatly 
modified. For example, chrome tanning has been combined with vegetable 
tanning so that a leather is obtained which has the properties of the two 
kmds of leather. 

, The great success of chrome leather is due not only to the short time occupied 
m tanning but also to its strength, impenetrability and resistance to external in- 
fluences such as steam and high temperatures. 

It is interesting to note that processes have been recently introduced in 
which the hides are tanned and ayed simultaneously in the same bath. See 
Amer. Pat. 622663 and Germ. Pat. 133767. According to the latter, by the 
proper choice of dyestuff on the one hand and of chromium salts on the other 
dyeings may be obtained which are faster than those produced by 
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dyeing after tanning. The dyestuffs belong to different groups, but they 
must neither be precipitated by chromium salts alone nor on addition of 
tannin, or if they do it must be to such a slight extent that after filtering the 
filtrate still contains sufficient colouring matter. Chrome alum, chromium 
chloride, bisulphite, or thiosulphate may be used, best in the form of basic salts. 

In tanning ilute solutions are first used, e. g. y 2 to I ^ B6. These are gradu* 
ally strengthened to 6° Be. The dyestuffs which may be used are; — oxidized 
logwood extract, carmine colours for wool, metanil yellow, orange II, &o,, 

Further, materials may be used which givecoloured compounds on oxidation 
e. g. pyrogallic acid, p-amidophenol, dimethyl-p-phenylenediamine, &(;. In 
this case the latter is subsequently treated with a % % solution of bichroinato. 
Finally the hides may be dyed and then tanned. For this method metanil 
yellow, solid green, erioglaucine, rhodamine, acid violet, &c., &c. may be 
employed. The dyeing is best performed in presence of alum and common 
salt. 

The Germ. Pat. 157467 treats of a process for colouring chrome leather 
by treating it first with a solution of sulphur dyes and afterwards wil h acidifid 
solutions of basic dyes. According to Germ. Pat. 162278 a simultaneous 
*‘fatting“ and dyeing of chrome leather is attained by adding to the alkaline 
fat emulsion the solution of a sulphur dye and also a substance which like 
formaldehyde, glucose, tannin, &c. protects the leather from the action of 
sodium sulphide. 

The observation that in the two bath process the chromic acid first oxidizes 
the hide and then this oxidized hide combines with chromium oxide to form 
leather, has led to the Germ. Pat. 148796 (Faiirioni’s process), in which the 
oxidation of the hide is carried out in a special operation with hydrogen 
peroxide ; this oxidized hide can then be tanned by solutions of chrome alum, 
chromium sulphate, chromic chloride, &c., without any addition of Na^COs. 

In iron tanning, which by the way has not found much favour, the hides are 
tanned with basic ferric sulphate. One drawback is that the iron leather 
cannot be greased with tallow but only with iron soaps and fatty emulsions. 

Recently other mineral salts have also been proposed for tanning; thus 
according to the French Pat. 327945 and the Engl. Pat. 25597 (1902) titanium 
salts can be used for tanning, while the Germ. Pat. 144093 employs tin salts 
with the same object. With regard to the simultaneous tanning and dyeing 
by means of titanium salts see “Leather’". 

A great advantage of the mineral tanning is the quickness with which the 
leather is finished, to which in the case of white tanned leather there is the advan- 
tage that it can with ease be dyed all possible shades. Formerly it was said 
that the chrome leather was not so durable as that obtained by vegetable 
tanning, but this does not now apply, at least not in so far as chrome leather 
is concerned. It is to be expected that the demand for chrome leather will 
increase, and that for many purposes it will displace the vegetable tanned 
material. 

Mineral oils. This is the general name applied to the oils obtained by the 
distillation of petroleum as well as to those obtained by the dry distillation 
of coal, brown coal, wood, peat, and bituminous shale, in so far as they are 
used for illuminating purposes and as lubricants for machines. See also the 
articles on “Brown coal tar”, “Wood tar”, “Paraffin”, “Petroleum’’, 
“Shale oil”, “Lubricants”, “Solar oil”, “Coal tar”, “Vaseline’’- 

What are usually known nowadays as mineral oils are those obtained 
from the waste products of the petroleum distillation. In this process — after 
driving off those constituents which volatilize below 280° — there remain 
substances which are gradually heated to 270° by high pressure steam in 
order to obtain the mineral lubricating oil. The heavy oils distil and are 
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. ndensed by means of a specially constructed condensing receiver which 
allows of a separation of the different fractions. The distillation is usually 
carried out under diminished pressure. , . , , . , ..... 

The mineral oils thus obtained are then submitted to a chemical purification 
which is very similar to that employed in the case of petroleum. The oils are 
first treated with 5 % H2SO4 the mixing being brought about by air blown 
through the mixture. They are then washed with water, shaken with NaOH 
to remove the last traces of H2SO4, and finally repeatedly washed with H2O. 
In order to decolourize the oils they are filtered in the warm state through 
animal charcoal. According to Germ. Pat. 161924 the crude mineral oils 
kan be refined by treating for a long time with a saturated solution of NaCl 
and XaoCOa, a current of air being simultaneously blown through the mixture. 
By addmg some granular material the salt solution is obtained in a finely 
divided state. The oil is finally distilled in the presence of an oxidizing man- 
ganese compound. A modification of this process is Germ. Pat. 161925. 
To render the oils odourless they are treated according to Germ. Pat. 147163 
witli aldehydes and ketones — especially with formaldehyde — at the same 
time they are heated, and either acid or alkali added; steam is afterwards 
passed through. — Weber claims to attain the same object by shaking with 
oils containing turpentine and alkali. The process of the Germ. Pat. 153585 
for the treatment of crude mineral oils with a view of obtaining odourless 
viscous oils on the one hand and light oils free from S on the other consists 
in treating the oil with 1 % neutral or basic lead acetate in aqueous solution. 
It is convenient to have tnis solution of the same S. G. as the oil. It is then 
distilled at 180® with high pressure steam until at least 20 % of the oil has 
distilled over. The residue forms an almost odourless and colourless thick oil ; 
the distillate is a light burning and motor-oil free from sulphur. 

The manufacture of the so-called soluble mineral oils has become important. 
On account of the percentage of alkali soap they are readily soluble in water 
and are employed in mixtures for lubricating machines, as an oiling substance 
in wool spinning, &c. According to the process of Boleo (Germ. Pats. 122451, 
129480 and 148168) mineral oils (heavy tar oils) are rendered soluble in water 
by the addition of unrefined resinous oils and saponification of the resisnous 
acids contained therein by means of alkali (or by soaps of certain fatty sul- 
phonic acids, oleic acids and naphthene acids) with subsequent oxidizing 
action under pressure. They are rendered capable of dissolving considerable 
quantities of water yielding a clear solution. The latest Bolbg's patent 
is Germ. Pat. 155288: — according to this the process is as follows: The hydro- 
carbons are gradually heated in a closed apparatus connected with a condenser 
by means of steam to 50 — 70® and at the same time fine jets of compressed 
air are forced through. A small amount of NaOH and water is also usually 
admitted. The mineral oils thus treated are then well mixed with saponified 
resinous oils, and air is again allowed to enter. The whole is finally heated in 
digesters under pressure. Such soluble mineral oils are now used with advantage 
for sprinkling streets; the product used for this purpose bears the name 
“Westrumitb^\ 

Germ. Pat. 169493 and 170332 protect the preparation of aqueous emulsions 
of mineral oils with the help of caseine solutions or preferably decomposition 
products of caseine and other proteids (e. g. glue). Such products are ootained 
oy the action of KOH on caseine. 
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There are numerous brands of mineral oils. 

The following notes are taken from Benders (Dammer “Handbuch der 
cheraischen Technologie'*, Bd. Ill, Stuttgart 1896). 

Generally speaking a difference between machine and cylinder oils is 
recognized ; the former is the distillate from solar or mixed oil and the latti^r the 
highest boiling distillate. The Russian machine oils are superior to (he 
American in viscosity ; but the American cylinder oil is on the whole supi rior 
to the Russian. 

The specific gravities and ignition points are as follows: 

Russian oils. 

Machine oil. S. G. 0.893 — 0.920. Ignition point^) 138 — lO?*’. 

Cylinder oil. S. G. 0.911 — 0.923. Ignition point 188 — 238®. 

American oils. 

Machine oil. S. G. 0.884 — 0.920. Ignition point 187 — 206®. 

Cylinder oil. S. G. 0.886 — 0.899. Ignition point 280 — 283®. 

With regard to the viscosity the following has been ascertained : — 

Russian oil. Spindle oils of S. G. 0.893 — 0.895 have at 50® (water as 
standard = 1) a viscosity 3.15 — 3.44; light oils (substitute for rape oil, iVc.) 
S. G. 0.911 — 0.923 have a viscosity 5.86 — 6.34; cylinder oils of S. G. 0.911 to 
0.923 have a viscosity 2,07 — 2.88 at 100®. 

With the American oils the viscosity of spindle oils of S. G. 0.908 — 0.911 
was found to be 3.13 — 3.32 at 50®. Cylinder oils of S. G. 0.886 — 0.899 was 
4.17—4.82 at 100®. 


The relations of boiling points to specific gravities are as follows: 



American 

Rusaun 


oils 

oils 


S. G. 

S.G. 

Spindle oil 

0.908—0.911 

0.893— O.HOr) 

Light machine oil 

0.920 

0.903— o.9(ir> 

Dark machine oil 

0.884 

0.900—0.920 

Cylinder oil 

0.886—0.889 

0.911—0.92.3 


As an average the percentage of the oils which boil below 310® is in machine 
oils 7 % and in cylinder oils 23 % by volume. The American oils S. G. 0.908 
to 0.920 or 0.884 — 0.899 correspond in viscosity to the Russian oils S. C. 
0.893—0.900 or 0.900—0,923. 

That a determination of the value of the oils according to the specific 
gravities is inadmissible may be seen from the above results. It will be noticed 
that neither ignition point nor viscosity stand in uniform relation to 
the S. G. 

With regard to the behaviour to cold the Russian oils have in general the 
preference over the American as only at a temperature of — 10® do they 
freeze to a clear mass, while the American oils m the neighbourhood of 0® 
begin to precipitate paraffin-like substances. 

The German oils (Elsass, Olheim) correspond to the Russian in so far as the 
viscosity and ignition point increase with increasing specific gravity ; but they 
differ on the other hand in their slight viscosity and unfavourable behaviour 
in the cold. For the same specific gravities the viscosity of the Elsass oils 
exceeds that of the American, but the ignition point is lower. 


Detennined in open crucible. 
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According to Holdb (“Untersuchung der Schmiermittel usw.'', Berlin 
1807) witn regard to their uses the mineral lubricating oils may be divided 
into the following classes: 

1. Spindle oils for spinning machines, light mobile oil of fe 5 — 12 at 20®, 
fp Penskv 160 — 200 ®C, distilling under very diminished pressure. 

2. Ice- machine or compressor oils, mobile, fe at 20® = 5 — 7; ep below 
- 20®C; fp Pensky between 140 — 180®C. These oils must possess a very 
low freezing limit on account of their use. 

3. Light machine, transmission, motor, and d 3 Uiamo oils, moderately 
viscous, fe at 20® C = 13 — 25; fp Pensky 160—210®. 

4) Heavy transmission, and machine oils, very viscous, fe at 20® C = 25 — 45, 
in some cases up to 60; fp Pensky 160 — 210®. 

The above mentioned groups of oils are, as a rule, refined and appear in a 
test tube brownish -yellow to brownish-red in colour, some of the dearer oils 
of the group 1 — 3 are even colourless. Less valuable heavy machine oils are 
non transparent in a test tube. 

5. Dark railway- and locomotive oils, fe for summer oils at 20® 45 — 60®; 
for winter oils 25—^5; fp Pensky above 140® C, ep for summer oil under — 5®; 
for w inter oils under — 16® C. The above qualities are required by the 
Prussian railways. 

(). Steam cylinder oils, highest boiling products of distillation of very 
viscous or vaseline-like constituency, which either at ordinary temperature 
or s('veral degrees above 0® freeze to thin vaseline-like masses; fe at 50® C 
= 23 —45. According as they are wholly or partially distilled they are brownish- 
red and transparent or greenish -black and opaque. In direct light also the 
distilled lighter oils usually appear greyish -green, fp Pensky lies according 
to the quality of the oil between 220 and 315® C. 

With regard to lubrication little is clearly known according to C. Cli. 
ScHMioT (Riga Industriezeitung 1904, 258) as published in the Referat der 
Clicm. Z(‘itschr. IV (1905, 185). The principal object of the lubricating oil 
is to keep the two rubbing surfaces so far apart that the metals do not dircetly 
touch; more work is necessary to overcome the internal friction of the oil 
itself. A good oil should cause little friction, that is, it must be mobile and 
not thick, but keep the metallic surfaces apart. The processes which take 
}dacc in the lubricating layer are first of a chemical nature — formation of 
soap-like substances, also real metallic soaps — and secondly of a physical 
nature. But in this last direction there is still much to be explained. In 
I)Iaccs where there is high pressure (for bearing lubrication) the use of fatty 
mineral oils can be theoretically recommended. In other places the thinner 
mineral oils may be used, so that it is advantageous to employ mixtures of 
hatty and mineral oils. The principal requirement of a good cylinder oil 
IS the resistance to high temperature and to the mechanical and chemical 
action of superheated steam. For ordinary high pressure steam an oil with 
an ignition point above 220® is sufficient; with oils intended for high pressure 
steam an oU with ignition temperature of 300® is necessary. A steam tem- 
perature of 350® decomposes all oils. Further requirements for a good cylinder 
oil arc strong adhesive powers and high viscosity, and the absence of resinous 
and pitch -like constituents. To choose a very viscous oil for the sake of 
economy is quite wrong in principle, for at the temperature of the steam the 
most viscous oil becomes as thin as water. For instance the viscosity of 

In Holde’s accounts the abbreviations denote : — ep = Freezing point, fp = 
Eonsky ignition point determined in the Pensky Martens’ apparatus; fe = degree of 
“quidity determined in Engler’s viscometer. The degree of liquidity is the quotient 
of the time of outflow of 200 cem oil (determined at the temperature of experiment) 
aad the time of outflow of 200 cem H,0 at 20® 0. 

Blucher. 28 
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progress oil 0 was in the Englkr’s apparatus at 70® 270 sec., at 100® lio 
at 150® 74 and at 170® 67 sec.: of a mineral hot-steam oil at 70® 835, at lOO® 
226, at 150® 93 and at 170® 73 sec. In the following table are the constants 
of some of the commercial cylinder oils: 


Cylinder oils for ordinary steam. 
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latter to absorb the HgS). The CO, has to pass through a solution of potassium 
permanganate to remove disagreeable odours. 

The mixing vessels for HgO and CO^ consist of tin-plated copper, enamelled 
iron or earthenware: they are usually constructed on the principle of counter- 
currents. 

Before saturation the water together with the salts to bo dissolved is brought 
into the mixing vessel. Aerated waters without ingredients of this kind are 
rarely made as they taste flat and allow the COg to escape rapidly. The 
usual so-called “seltzer” contains about 25 g crystallized Na^jCOg, 5 gNaCl and 
() g crystallized Na2S04 per 10 litres of H.,0. 

In making mineral waters it is best to employ distilled water, in which case 
a distilling apparatus is also provided as the purchase of distilled water would 
be too expensive. 

Tlic contrivances for filling vessels with mineral waters are combined with 
the corking machines so as to reduce the loss of CO, to a minimum. 

As regards medical mineral waters they are as a rule compounded according 
to the chemical analyses of the respective natural waters but with regard 
to the chemical transformations which take place between the various salts. 
Xot infrequently substances therapeutically superfluous or useless are left 
out. The saturation with CO2 is usually greater than in the natural waters. 
All medical mineral waters should be prepared exclusively from distilled 
water. 

Besides the most varied natural and artificial mineral waters the correspond- 
ing “mineral salts” also are sold, obtained either by evaporation of the 
natural waters or by mixing according to analytical results. The artificial 
mixtures frequently fulfil their purpose better than the natural ones as by 
evaporation of the natural waters decompositions and transformations (caused 
especdally by the escape of COg) take place. All of these salts do not dissolve 
in pure water, as many dissolve only in the presence of COg. 


Composition of the most Important Artificial Mineral Waters. 
In each case the quantities given arc for 100 kg water. 

1. Apollinaris: 216.985 NaHCOa, 4.4695 NaCl, 2.7856 NagSiO,, 28.945 

CaCla. 42.773 MgCO, + 3 H,0, 16.731 MgSO., 2.902 FeSO. -f 7 H«0, 
1.6668 HCl. 4 2 , 

2. Bilin: 12.693 NagSiO.,, 0.0947 Na^PO^, 5.4315 Na^SO^. 34.6342 NaCl, 
2.2553 LiCl, 19.188 K2CO3, 371.241 Na2CO.„ 0.6756 FeSO^, 1.248 HCl, 0.0222 
MnSO^ -f 4 H2O, 0.07853 AICI3, 62.457 CaSO^ -f 2 H,0, 24.969 MgSO^. 

3. Emser Kraenchen: 10.1142 Na2Si03, 0.1841 Na3P04, 0.00224 Nal, 
0.03398 NaBr, 164.9 Na2C03, 63.625 NaCl, 2.916 K.>C03, 0‘.01282 AICI3, 0.0215 
MnCl^ -f 4 HgO, 0.3455 FeS04 + 7 HgO. 1.691 803*; 0.2916 LiCl, 0.1935 SrCL, 
0.0885 BaCl2, 16.663 CaC^, 13.395 MgCl„ 0.2219 (NH4)2804, 2.484 MgS04. 

4. Fachingen: 5.1849 NagSiOa, 0.0707 B407 Na, 10 H2O, 0.00095 NaT, 
0.02343 NaBr, 0.0963 NaNOg, 0.1512 NH4CI, 0.5219 LiCl, 0.8074 KCl, 1.092 
MnClg -f 4 H2O, 0.907 FeS04 -f 7 H2O, 1.939 SO3, 0 026 BaCL, 0.333 SrCL, 
5.0988 CaClg, 42.826 MgClg, 38.83 CaCOg, 305.56 NagCOg. 

. 5. Giesshuebeler Saubrbrunnen : 1.133 NaCl, 1.448 Na2S04, 11590 
Na S1O3, 78.233 Na^COg, 16.00 CaCOg, 14.967 MgCOg + 3 H^O, 0.86 AlCL, 
2157 FeSO, + 7 H,b. s 3 -r a . 3. 

. Hdnyadi Janos; 2.2810 NajSiO,, 90.496 Na^CO,, 28.683 NaCl, 1980.354 
1949.423 MgSO,, 13.294 K, SO,, 107.893 CaCl„ 0.4934 FeSO, + 7 H,0. 
1 S' ^^«lsbader Sprudbl: 14.638 Na.SiO., 0.069 NajPO,, 0.764 BiO.Na. 

H??. 0-608 NaF, 1.417 LiCl, 177.212 NajCOj, 64.353 NaCl, 0.1047 AlCL, 
e. /d33 FeSO -L *7 XJ n aoo \ a u o aaa a a one An xr~ ork 
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8. Kreuznacher Elisabethquellb : 2.7145 SiOgNa^, 0.3588 B.O-Xa 
+ 10 H,0, 0.0423 AsOjNas, 0.0582 PO^Na,, 0.0431 Nal, 4.9882 NaBr, r)..5ll40 
LiCl, 2.2155 NH4CI, 15.2642 KCl, 990.016 NaCS, 54.696 NajCO,, 0 l.V'S 
MnCl, + 4 H,0, 4.2554 FeClj + 2 H^O, 0.0526 AICI3 0.7674 ZnCL, 26.8, ')44 
MgClj, 6.465 BaClj, 7.961 SrCl^ '211.918 CaCl^, 5.141 HCl. 

9. Marienbader Kreuzbbunnen : 8.8247 SiOgNag, 0.3234 PO.Na 

0.4092 NO3NA, 1.1333 LiCl, 60.6937 KCl, 0.2670 'NH4CI, 38.6920 Naci' 
220.0750 NajCOj, 443.9930 Na3S04, 0.5236 AlCl,, 0.5866 MnCl, + 4 11., o' 
3.2433 FeS04 + 7 HjO, 37.6200 MgSOi, 5.1410 HCl, 64.8160 CaCL, 0.076,5 
SrClj, 0.0408 BaClj. 

10 . Sbltebs: 0.0033 Nal, 0.0909 NaBr, 0.0806 Na,POi, 0.4217 K.,('(),, 
0.6110 NaNOj, 1.7630 KCl, 4.0983 K2SO4, 4.3208 Na^SiO,, 145.7412 Na^f'O ' 
164.8454 Nad, 0.0176 BaCtj, 0.0470 A1C1,„ 0.2342 SrCl^, 0.5227 NH4CI, 22:,S67; 
MgClj, 34.2131 CaClj, 0.3130 LijCO^, 12288 HCl, 0.0989 MnS04 |- 4 H.,() 
0.7262 FeSOi + 7 H^O. 

11. Vichy: 0.0026 Nal, 0.013 NaBr, 0.422 Na3P04, 13.026 Na,SiO, 
20.404 KjS 04, 22.686 NaCl, 409.466 Na.4CO„ 0.203 AlCl,, 0.249 SrCl„ D.aili 
NH4CI, 3.991 MgClj, 27.753 CaC4, 0.076 MnS04 + 4 H^O, 0.281 FeS04 |- 7 1L( 1. 
6.524 SO,. 

12. Weilbacher Schwefelquelle : 0.05,3 Ll^COq, 0.057 NagPO^, 2.!)r)(S 
NaaSiOa, 2.570 K2CO3, 3.885 K2SO4, 50.737 Na^COg, 0.011 SrClg, 0.018 Aid,. 
0,107 BaClg, 0.533 NH^Cl, 1.875 CaCOg, 27.163 CaCl^, 38.722 MgCO.^ + 3 JUK 
189.0, sulphuretted hydrogen water (0.4 %). 

13. Wiesbadener Kochbrunnen: 18.2392 KCl, 619.1652 NaCl, 0.43ol 
NaBr, 0,0017 NaT, 8.4072 NagSO^, 40.2767 Na^COg, 0.0030 Na3P04, 0.1574 
Na2B407 -h lOHgO, 12.7518 Na2Si()3, 2.3104 LiCl, 1.7073 NH4CI, 98.3377 
CaCl2, 0,1332 BaClg, 1.8943 SrCla, 20.0872 MgClg, 1.6129 FeS04 f 7 H.O. 
0.1734 MnS()4 + 4 H2O, 0.02,35 Na3A804. 

14. WiEnuNOEN Georg Victorquelle: 0.9280 K 2SO4, 2.9405 Na.,(3K,. 
0.7132 Naa, 4,4076 Na2Si03, 0.0087 Na3P04, 4.0141 Na2S04, 0.0338 (NH4)A3 ),. 
0.0483 L^COg, 0.0337 AICI3, 0.0014 BaClg, 50.8291 CaC03, 59.7139 MgCC, 
F 4* 3 H2O, ‘5.2036 FeS04' -f- 7 HgO, 0.3058 MnS04 + 4 Rfi. 


Minium see “Lead colours”. 


Mirbanc, oil of, see “Nitrobenzene”. 


Mitine. A new base for ointments prepared from an emulsion which 
superfatted with a non -emulsifying fat: it contains about 50 % of a senirn- 
like liquid. 

It keeps well, can be mixed with most substances and is capable of taking 
up a further quantity of liquid. 

Wool-fat is used as the fat and milk or a solution of the proteids obtained 
from it is used as the serum-lil^e fluid. 

Mitine cream, powder, soap, &c. are also prepared. 


Mixing Machines. 

Mixing Machines: 

Max Friedrich & Co., Leipzig-Plagwitz 17. 

Volkmetr Haenig & Comp., Heidenau-Dresdon, Germany (see front part advt.). 
Werner Pfleiderer & Perkins Ld., Peterborough. 

Mixing Apparatus: 

G. Scott &, Son Ld., 2 Talbot Court, London E.C. 



Molasses. 
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Mixing Machinery: 

"VV' Stamm, 2fi College Hill, London E.C., Sole agent for Friedr. Krupp A.-O. Qra'ionworlc, 

Magdoburg-Buckau, Germany. 

Molasses. 

Ill the manufacture of sugar q. v. there remains after the crystallisable 
sugars have been removed, a thick brown paculiarly unpleasant smelling 
li(|uid from which, although it contains about 50% of sugar, it is impossible 
by mere concentration to obtain sugar in the crystalline state. It was for- 
jmnly tlie practice to use the molasses partly as a feeding-stuff and partly 
for tiio preparation of alcohol. Now, however, it is possibhi to prepare from 
tlu‘ molasses a crystalline sugar. Three methods are described of which only 
the third is of real value. 

1. Osmosis method. 

This method is based on the principle of diffusion (see Sugar Manufacture). 
Crystalloids in solution can diffuse through parchment paper while colloids 
remain behind. The apparatus used is of the following type. Sets of cham- 
bers of the filtorpress kind are arranged so that they are separated from 
eacli other by parchment paper. Chambers 1, 3, 5, 7, etc. are filled with warm 
molasses and chambers 2, 4, 6, 8 with warm water. From time to time the 
liijuids are led through the apparatus in opposite directions. The salts in the 
molasses diffuse more quickly than the sugar so that the sugar solution 
becomes continually purer. After the operation has been repeated three 
times the solution is evaporated and the sugar (to the extent of 25 to 28%) 
[•( ('overed by crystallization, 

2. Calcium saccharate method. 

a) Extraction process. The][molasses is mixed with three times its weight 
of slaked lime : on cooling the whole of the sugar separates as a compound 
witli the calcium. The mass is dried and washed with alcohol (. 35® Ti.) to remove 
salts. Since the drying of the lime compound is a difficult process quicklime 
may be used in place of the slaked lime. In this way there is obtained in 
one operation a dry mass which can bo readily extracted. The extraction 
takesplace in cylindrical vessels of which 0 — 8 are combined to form a battery. 
The calcium saccharate is not as a rule worked up into sugar but is used 
instead of pure lime in the manufacture of sugar (q. v.). 

b) Separation method. The molasses are diluted until they contain not 
more than 7% of sugar and cooled below 15®. For every 100 parts of molasses 
there are then added 60 — 70 parts of powdered quick lime. The sugar is 
{irecipitated as tricalcium saccharate which is filtered off and washed with 
cold water. This may be used as above described or it may be decomposed 
^'itli lukewarm water, when the mono saccharate goes into solution while 
" 5 of the lime is precipitated. The solution is filtered and saturated with 
' 0., to remove the remaining third of the lime. In this way is obtained 
^ '^ugar solution from which a sugar which crystallizes well and has a 
k'ood taste can be obtained. 


3. Strontium method. 

This i.s described in the new and improved Scheibler modification. The 
jiiolasses are treated with so much of a hot saturated solution of strontium 
i>uroxide that the mixture contains for every molecule of sugar 0,5 mol. 
of f] solution is warmed to 70®, cooled and filtered, when 75 — 80% 

the sugar separates as monostrontium saccharate. The solution of this 
J^tance is diluted until it contains 20% of sugar and is then treated with 
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COj until only 0,04—0,06% of SrO remains. The pure sugar solution is 
then worked up in the usual way. 

In the liquid obtained after the monosaccharate has been separated there 
yet remains from 20 to 25% of sugar. By adding more Sr(OH)2 the disaccharate 
is precipitated and this can be converted by the addition of more molasses 
into monosaccharate. 

Other methods for obtaining sugar from molasses are of no importance. 

See also “Distillers’ Wash“. 

Molcose. A food preparation recommended for debility in children and for 
convalescents. It contains 22.7 % of proteid obtained from milk. 

Molecular weight. 

Formulae for Determining Molecular Weight. 

A. Victor Meyer’s method of determining the vapour density. 
Let G be the weight of the substance, B the height of barometer reduced 
to 0®C, w the tension of water at t®, v the volume of air measured, t the 
temperature of the room and D the vapour density, i. e. the volume weight 
of the vapour relative to air. The following formula holds : 

^ G . 760 (1 -f 0.003665 1) G (1 -f 0.003665) t 

^ - (B ~ cu) V . 0.0012934 (B — . V 

Now D = -E- , where p equals the ^veight of the volume of vapour (\'), p, 
Pi 

the weight of the same volume of air. If the vapour density is taken relatively 
to hydrogen it is 14.46 D, and since according to Avooadro’s law equal 
volumes of different gases under equal pressures at equal temperatures certain 
the same number of molecules, and since the gas molecule occupies the same 
volume as two atoms hydrogen the molecular weight of the vapour in 28.92 D, 
i.e.:— (14.46 X 2). 

B. From the elevation of the boiling point. 1 gramme molecule 
of any substance dissolved in 100 g of the same solvent causes the boiling 
point to rise by a constant amount. The molecular increases are determined 
from experiments with compounds of known molecular weight. They can 

rp2 

also be determined by means of the formula 0.02 . , whereT is the absolute 

boiling point and cj is the latent heat of fusion of the solvent. Constants 
for 100 g of common solvents are : — 

Acetone 16.7®, ethyl alcohol 11.5®; ethyl ether 21.1®; benzene 267®; chloro- 
form 36.6®; acetic acid 25.3®; carbon bisulphide 23.7®; water 5.2®. 

For other solvents the constants are determined before the ejmerinient, 
which, by the way, should also be done with the liquids mentionea. 

If g is the number of grammes of the substance per 100 g solution mcdiuni, 
A the rise of boiling point and r the constant for the solvent, then the molecular 
weight is given by 



C. From the depression of the freezing point. 1 gramme molecnb 
of any substance dissolved in 100 g of the same liquid always causes the 
point to be lowered by a constant amount. Molecular decreases can be tes|^ 

by freezing experiments, or calculated according to the formula 0.02 

w 
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where T is the absolute freezing point and <0 is the latent heat of fusion of 
the solvent. Constants: — 

Formic acid 28°; ethylene bromide 118°; benzene 60°, acetic acid 39°; 
naphthalene 70°, nitro-benzene 71°, phenol 76°, thymol 92°, water 19°. 

If g denotes the number of gramma of the substance in 100 g solution 
medium, D the depression found and r the constant of the solvent, the molecular 
weight is given by 


Wachsmuth h£W described an apparatus for determination of vapour 
density by acoustic means. The vapour brought to a certain temperature 
blows a whistle connected with the apparatus. There is a comparison whistle, 
which can be regulated, which indicates the vapour density. It is easy to 
control the graduation of the test whistle. It is fitted with a scale of oscillations 
corresponding to the note. The whistle is blown with the lips (in the heater, 
as the note is influenced by the covering) and the height and oscillations are 
determined on the comparison whistle. (It should be ag = 1740.) Then 
the densities sought are to the density of the air (approximately) inversely as 
the squares of the oscillations observed. The exac^t formula is (see Boltzmann 
(celebration) address, Leipsic 1904, page 923): 

d == kxPx (1 -f atx) no» 
ko po (1 + ato ) n, 2 ' 

The indices are for air. k denotes the ratio of the specific heats at constant 
pressure and constant volume (air = 1.4, highly molecular compounds 
approximately = 1 . 1 ), p the pressure (never varying considerably from 1 atm. 
and very nearly equal m the numerator and denominator), t the temperature 
and n the number of oscillations. For t = 100° the numerator and denominator 
of the first part of the fraction practically cancel, so that the formula 



may be used. — If air of another temperature is to be used the experiment 
whistle must first be tested, the new note determined and the scale of the 
comparison whistle recalculated for this new value. 

Molybdenum and Molybdenum compounds. 

1. Molybdenum Mo. A. W. 96.03. Obtained from the oxides or the 
chlorides by heating in a current of hydrogen, by reduction with carbon in 
the electric furnace, or by the electrolysis of molybdenum dichloride and Na. 
Attempts have been made to prepare it by the action of molybdenum silicide 
MOjSig on M 0 O 2 in the electric furnace. The MojSh is obtained by heating 
with excess of SiOj and C. 

Molybdenum is a steel-grey powder which fuses at extremely high tem- 
peratures to a hard silver-like mass. S. G. 9.1. It is malleable and can be 
oxidation it forms first M 0 O 2 and then M 0 O 3 : readily soluble 
®'*id H 2 SO 4 . The carbide, M 0 C 2 , is obtained by heating the metal 
With excess of carbon in the electric furnace. 

. 2. Molybdic acid. The oxide M0O3 and the acid HjMoO^ are the most 
important compounds. The former is obtained by roasting the sulphide or 
py treating with HNO3 f'ken heating the salt which crystallizes out. It 
J® a loose white powder which on heating first becomes yellow and then melts 
a deep-red hquid. Very sparingly soluble in water, readily soluble in 
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alkalies with formation of salts (see Potassium, ammonium Scc 
compounds). 

When HCl is carefully added to solution of the molybdates molybdic acid 
separates as sparingly soluble crystals. 

Molybdenum: 

Chemische Fabrik in Fiirth G. m. b. H., Ftirth, Germany. 

Molybdenum compounds: 

Chomiache Fabrik in Fiirth G. m. b. H., Fiirth, Germany. 

Molybdenum lamps. Electric incandescent filament lamps. See Germ 
Pat. 164262. 

Monnot metal. Metals joined by autogenous soldering. A steel-bloek 
or rod is joined to some other metal by autogenous soldering and the whole 
further worked. The method is probably attended with difficulties on account 
of the differences in the coefficients of expansion of the various metals. 

Monoazo dyestuffs see “Azo dyestuffs’". 

Monobromcamphor see “Bromcamphob”. 

Monoketone dyestuffs see “Oxyketone dyestuffs”. 

Mononitrotoluene see “Nitrotolubne”. 

Monotal. The lactic acid ester of guaiacol. A colourless oil sparingly 
soluble in water, readily in olive oil . Successfully used in cases of neuralgia, &c. 

Montan wax. Obtained by distilling in steam the bitumen prepared by 
extraeting sulphurous brown coal with benzine. The commercially pure 
article melts at 80® and forms a good substitute for ceresine in candle manu- 
facture since it has a high melting point. 

Montanine. An almost colourless, odourless liquid containing 31 % of 
hydrofluosilicic acid. It is recommended as a ^sinfectant for the walls 
of breweries, distilleries, &c. On the surfaces treated with montanine tho 
usual moulds do not grow for at least a month after treatment. 

Montpellier yellow sec “Lead colours**. 

Morine see “Fustic”. 

Morphine see “Opium and Opium alkaloids”. 

Montejus. 

Montejus o! Earthenware: 

Westdeutsche Steinzeug-, Chamotte- und Dinaswerke G. m. b. H., Etiakirchen, Rheinland 
(Germany) (see front part advt. p.). 

Montejus of Metal: 

Volkmar Haenig & Corap., Heidenau-Dresden, Germany (see front part advt.). 

Friedrich Heckmann, Berlin SO. 16, Briiokenatr. 6b (see sdvts.). 

Mortars. They are classified into those which harden in air, and those 
which harden in air and in water; the former are termed air mortars and the 
latter hydraulic mortars or cements. 

In the present article air mortars alone will be considered. (See also 
“Cement”.) 
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Lime mortae is the principal substance used as mortar. It is a mixture 
of slaked lime and sand; plaster of Paris, sometimes used as mortar, is treated 
in a special article. 

The hardening of mortar depends partly upon the evaporation of the water 
but chiefly upon the absorption of COg, the Ca(OH)2 being converted into 
(^aCO-j. The sand makes the substance porous so that the carbonic acid 
of tlie air can readily enter. Sand also lessens the shrinking of the substance 
which otherwise occurs to a considerable extent. 

One part of slaked lime stirred with water to form a cream is mixed with 
3—4 parts of sand. When mortar is required in great quantities it is mixed 
by mortar machines instead of by hand. Mortar is also used in the preparation 
of artificial sand stones. ^ ^ 

Fire-proof mortar differs from both air mortal* and hydraulic mortar. 
It is a mixture of dried powdered clay and fire clay with water. It should be 
observed that this mortar, used particularly for furnaces, &c., though it 
resists the heat well has but little mechanical strength, since no chemical 
combination takes place during hardening. 


Mucogen. A chlorine derivative of 
naphthoxazine 


dimcthylphenyl p-ammonium 


^-oxy. 



ft IS obtained by the condensation of dinaphthol with nitrosodimethylamine. 
Mucogen forms blue crystals sparingly soluble in water, readily soluble 
in alkalies. It is prescribed for the removal of mucus in the intestines and 
It also acts as an aperient. 


Muriatic acid see ^‘Hydrochloric acid “. 


Musk (Artificial). Trinitrobutyltolueue. 

/CH3 

C,H.0(CH3)3 


in butyltoluene is obtained by the action of isobutylchloride on toluene 

d irin of AlgClg. It also occurs in a fraction (170—2000) obtained 

° .^®f'hation of resin oil (q. v.). From the butyltoluene the nitro- 

of 1 part HNO 3 (S. G. 1.5) and 2 parts 
trinif ^ ^2^04 (15% SO 3 ) at lOO®. The product is poured into water and the 
mro compound recrystallized from alcohol. Yellow needles, M. P.96— 97 0. 
^ auskone is the active constituent of the natural perfume. It is a ketone 
L ® obtained by distilling musk with steam (Germ. Pat. 180719). 

^ a colourless oil with a fine odour of musk. 


^ preparation consisting of pure albumen obtained from 
serum of freshly slaughtered cattle. It contains 13.32 % nitrogenous 
“tatter corresponding to 83.25 % albumen. 
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Nalicine. A new local anaesthetic used in dentistry. It contains 1 
nitroglycerine solution, thymol, HjO, NaCl, alcohol, formaldehyde, carbolic 
acid, and 1 g cocaine to every 100 g of the mixture. 

Naphalane. A crude naphtha product containing soap. It is similar in 
properties and uses to naphthalane (q. v.). 

I^aphiha. 

Solvent Naphtha: 

Brotherton A Co. Ld., City Chambers, Leeds. 


Naphthalane. A greasy mass prepared from the high -boiling constituents 
and residues of the distillation of a naphtha from certain Caucasian naphtha 
wells. This naphtha is free from resin and asphalt and forms a gelatinous 
homogeneous mass when treated with 3 — 4 % of anhydrous soap. 

It is a brownish- black or brownish -green substance witn a green fluoresccnc e. 
M. P. 65 — 70®. Insoluble in water, alcohol and glycerine, soluble in ether 
and chloroform and miscible with all kinds of oils. 

It has been used with good results in various skin diseases, and for burns 
and other injuries. It is readily absorbed by the skin and is a good medium 
for many medicaments. 

Naphthalene. The product of the dry distillation of many organic 

substances and a constituent of coal tar (q. v.). It is obtained from various 
fractions of the latter, e. g. from light oil, creosote oil (heavy oil), though 
chiefly from carbolic oil (see “Phenols’"). From all these fractions crude 
naphthalene separates in a crystalline form on cooling ; the oils which remain 
liquid are drawn off and the naphthalene obtained by pressing or centrifuging. 
The presses which remove a large amount of impunties are usually heated 
mth steam. The crude naphthalene is washed with soda lye (15 — 20® Be) 
and then with concentrated H 2 SO 4 (S. G. 1.84) and finely powdered pyrolusite 
(5% of the weight of crude naphthalene). Finally, if the quantities are 
small the naphthalene is sublimed, or, if large, distilled in shallow wrought iron 
retorts. 

The French Pat. 326163 deals with a process and plant for the crystallization 
and rapid separation of naphthalene and anthracene from the mother liquors. 
The arrangement consists of a revolving drum, cooled internally, over which 
the crude oil runs and solidifies. The crystalline substance is removed from 
the drum by scraping, and is then filtered and finally pressed or centrifuged. 

The Engl. Pat. 25989 (1903) treats of the mechanical purification of crude 
naphthalene by sublimation or distillation. A current of air is allowed to act 
on the naphthalene vapours, the naphthalene is condensed while the nmre 
volatile vapours of the impurities are carried away by the air current. I 
method probably effects only a preliminary purification. Chemically 
naphthalene can scarcely be obtained by tnis method. „ 

The Engl. Pat. 17641 (1903) proposes the application of the “Swbatix- 
method in general use in the paraffin industry, to the purification 
thalene. (Sude naphthalene in blocks and lumps is heated nearly to t 
M. P. on perforated trays, when the impurities having lower M. P. run 0 . 
The naphthalene can be afterwards further purified by chemical 
The preliminary purification saves a considerable quantity of chemic 
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The constitution of naphthalene is represented thus: 

CH CH 



In the derivatives the position of substituted groups is indicated by either 
of the following schemes: — 


a a 8 1 



« a 5 4 


Pure naphthalene forms colourless crystalline leaves, often with a silvery 
lustre, of penetrating smell; insoluble in HgO, easily soluble in alcohol, ether 
and oils. M. P. B. P. 217—2180, though volatile at the ordinary tem- 
peratures and readily in steam. Naphthalene is used in the manufacture of 
numerous tar-colours, phthalic acid, soot, cart-grease, naphthalene varnishes 
(the application for a patent on the latter has been withdrawn), also for 
( arburetting coal gas, and for medical purposes ; it is also used as a disinfectant 
and as a preventive against the attacks of moth. A new application found is 
to render non-inflammable and non-explosive the celluloid made from artificial 
camphor. See “Celluloid’". 


Test. Naphthalene as it is now sold is almost chemically pure. It must 
w perfectly white, volatile without residue, melt at 79® exactly and distil 
nearly completely within one degree. It should dissolve in petroleum benzine 
to a colourless, water-clear liquid, should not become yellow when exposed 
to the air or light, and should colour concentrated H2SO4 only a faint pink, 
n testing naphthalene for its behaviour towards air and light, samples 
p aced on watch-glasses over pure concentrated (not fuming) HNO^ should 
rcinain colourless for at least 1 — 2 hours. After a few hours pure naph- 
la ene becomes yellow when placed over HNO, owing to the formation of 

nitro-derivatives. 

Impure naphthalenes contain slight traces of phenols ; they are extracted 
0/ H solution supersaturated with HCl and the acid filtrate 

le solution mixed with bromine water, when the phenol is precipitated 
as tnbromphenol. (See the test for “Phenol”.) 


Naphibalsne: 

^ Chambers, Leeds. 

& Co., 8 Harp Lane, London E.C. 


Naphthalene derivatives see “Naphthols”, “Naphthol derivatives”, 
^ aphthylamines” and “Nitron aphthalbne”. 


e. 


Naphthenes. Certain hydrogen derivatives of the aromatic hydrocarbon 
g- kexahydrobenzene CgHja. 


s 


^aphthionic acid 


see “Naphthylaminb derivatives”. 
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Naphthols (Oxynaphthalenes). CjoH^ . OH. Of the two isomers, a-naph 
thol and yS-naphthol the latter is ot the greater importance. 

1, a-NAPHTHOL. When fuming H 2 SO 4 acts on naphthalene at 80— 90^C 
a -naphthalene sulphonic acid is the chief product. By neutralizing with 
CaCOg theCa salt of this acid is obtained and then converted into the sodium 
salt by NaOH. This is then fused with NaOH and the product is sodium 
a-naphtholate. During the fusion, which is carried out in iron stirring vessels, 
the substance separates into two layers: at the bottom is the excess of 
NaOH and the NaoSOg’ and above the fused naphtholate gathers. IVom 
the latter the naphtnol is obtained by adding HCl or better by the action of 
CO 2 and is then purified by distillation in vacuo. The small amounts of 
y^-sulphonic acid formed during the sulphonation are removed before fusion 
by fractional distillation of the calcium salts. — According to Germ. Pat. 7487!i 
pure a-naphthol is obtained by heating the salts of a-naphthylamine with HgO: 
the a-naphthylamine required is produced by nitrating naphthalene and 
reducing the nitronaphthalene. 

a-naphthol forms colourless crystals with a phenol-like smell. M. P. 95® C; 
B. P. 278 — 280 0 . It dissolves sparingly in cold, rather more readily in hot 
HgO, very readily in benzene, alcohol and ether. Commercial a-naphthol 
forms a fused crystalline mass. 

2. /3-Naphthol. When fuming H 2 SO 4 acts on naphthalene at 200® the 
sole product is yd -naphthalene sulphonic acid. This is converted into its 
Na salt and then treated as in the preparation of a-naphthol, i. e. the Na salt 
is fused with soda and the free naphthol separated by acids. 

According to the Germ. Pat. 134401 /d-naphthol (and its derivatives) aiv 
obtained by converting /d-naphthylamine (and its derivatives) into the sulphonir 
acid ester of naphthol (or its derivatives) by heating with SOg and aqueous 
solution of bisulphites, or with excess of the latter alone. The ester is then 
saponified by alkali or by some other means. 

/d-naphthol, when pure, forms small shining colourless leaves, sparingl,v 
soluble even in hot H 2 O, readily in alcohol, ether and benzene. M. P. 128®; 
B. P. 286 — 290®, though it may be sublimed at a much lower temperature. The' 
commercial product is a colourless or yellowish crystalline mass. It is chiefly 
used in the preparation of various azo-dyes. It is also used medicinally 

Test. 1. Differences between a- and /^-naphthol. 


«-Naphthol 


yS-Naphthol 


a) The aqueous solution is coloured 

by a solution of bleaching powder; a slight 
excess of tho reagent causes the colour to 
vanish in the case of /J-naphthol. 

b) The aqueous solution mixed with liquid 

ammonia exhibits 

fluorescence. 

c) The alcoholic solution (1 -h 5) is coloured 
by Foa Cl,. 

d) When 0.5 g naphthol is fused with 12 g 
chloralhydrato for 10 min. on a boiling water 

bath, the substance turns 

and dissolves in alcohol with a 

colour. 

e) When 0.1 g of vanilline is dissolved in 
2 cem sulphuric acid and then O.l g 

naphthol is added, by shaking a 

colour is produced which is permanent in 
the case of «-naphthol. 


violet 


yellow 


blue 


violet 


violet 

(for a time) 


green 

(permanently) 


red 

red 


blue 

blue 


red 


chlorophyll green 
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2 The presence of a -naphthol and yd-naphthol is detected according to 
Yj Tleger by sodium hypobromite : A cold saturated aqueous solution of the 
substance to be tested is prepared by crushing it in a mortar and filtering 
the emulsion after standing for a short time. The hypobromite solution 
is made from 30 cem soda lye (36® Be), 100 cem water and 5 cem bromine. 
10 com of the aqueous naphthol solution are mixed with a few drops of the 
hypobromite solution. In a -naphthol solution a muddy* violet precipitate 
occurs (the reaction is very sensitive) ; in ^-naphthol solution a yellow colour 
is observed which gradually becomes greenish and then yellow again. In 
more dilute ^-naphthol solution the yellow colour vanishes with a little 
shaking. (This reaction is less sensitive than the « -naphthol reaction.) When 
the saturated solution of both naphthols is mixed with the same volume 
of water and two drops of hypobromite solution and shaken, the ^-naphthol 
reaction does not take place while the a-naphthol colouring does occur. By 
this method the presence of 1 % of a -naphthol is easily proved. The solutions 
used must always be freshly prepared. 

3. The test for impurities is identical for both naphthols. The M. P. and 
B. P. must be right; 0.6 g naphthol when heated must not leave a weighable 
re-sidue. 

4 Kuestbr’s method is used for quantitative determination of naphthols. 
(See Berl. Ber. 27, 1101 and 1905.) 

Naphthol derivatives. In the following, the various sulphonic -acids are 
},uv(‘n. The system of nomenclature is given under “Naphthalene”. 

1. a-NAPHTHOL-suLPHONio ACID NW. Naphtholmonosulphonic acid 
1 : 4 (Nevile and Winthbr’s acid) ; produced first by diazotizing naphthionic 
acid and boiling the diazo compound with dilute H2SO4 ; also by the action of 
bisulphites on naphthionic acid. 

2. a-NAPHTHOL-suLPHONio ACID C (a-naphthol-8ulphonic acid L). Mono- 
sulphonic acid OH : SO3H =1:5 (Cleve’s acid). It can be obtained by 
diazotizing 1 : 5-a-naphthylamine sulphonic acid and boiling the diazo 
compound with dilute H2SO4. 

3. /9-Naphthol-sulphonic acid S (Schaeffer’s acid). Monosulphonic acid 
OH : SO3H = 2:6. Obtained according to a patented method by heating 
Ipart^-naphthol with 2 parts concentrated H2SO4 at 100® until soluble in water. 

4. /^-Naphthol-sulphonic acid B (Croceine sulphonic acid ; Bayer's acid). 
Monosulphonic acid OH : SO3H = 2:8. Produced in much the same 
way as No. 3, by mixing 1 part /9-naphthol with 2 parts cone. H2SO4 at 50® 
to 60® 0, and immediately pouring into H2O. 

5. a-NAPHTHOL-Di-SULPHONio ACID 1:2:4. Obtained by the moderate 
aetion of fuming H2SO4 on a -naphthol. 

6. o-NAPHTHOL-e-Di-sULPHONic ACID (Andrbsen’s acid). Obtained by 
various mtented methods, e. g. by heating 1:3:8 naphylamine-di-sulphonic 
^id with H2O to 180® C under pressure. 

7. «-Naphthol-di-sulphonio ACID Sch (Schobllkopf's acid). Obtained by 

aulpbonating naphthosulphone (patented method). The constitution is 
OH : SO3H : SO3H =1:4:8. . u 1 

8. a-NAPHTHOL-Di-suLPHONic ACID RG. Obtained by fusing naphthalene 
tri-sulphonic acid with caustic soda (patented process). The constitution 
^ not quite certain, but is probably OH : SO3H : SO^H =1:3:6. 

9. y9-NAPHTHOL-Di-suLPHONio ACID R (2 : 3 : 6). It is formed together with 
lheG-acid(mentionedinNo. 11) bysulphonating /9-naphthol (patented method). 

10. /S-Naphthol-dI'SULPHONIC acid F (2:3: 7). Usually obtained from 

^ : 7-naphthol monosulphonic acid. , j -xi. 

, H. /5-Naphthol-di-sijlphonio acid G (2 : 6 : 8). It is formed with 
^ne R-acid mentioned in No. 9. 
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12 . o Naphthol-tei-sulphonic acid 1 : 2 : 4 : 7. Obtained by sulpho- 
nating a-naphthol (patented method). 

13. Di-oxy naphthalenesulphonicacid S(OH : OH : SO 3H = 1 : 8 :4) 
Obtained by fusing a-naphthol-di-sulphonic acid Sch with caustic soda 

14. Chromotrope acid, also called chromogen I. Di-oxy -naphthalene -di- 
sulphonic acid ; OH : OH : SO3H : SO3H = 1 : 8 ; 3 : 6. One patented 
method of production is to melt a -naphthol-tri -sulphonic acid with caustic soda. 

Amido-naphthol-sulphonic acids, see under “^fAPHTHYLAMiNE derivates”. 

Naphthol Rectifying apparatus: 

Friedrich Heckinann, Berlin SO. 16, Briiclcenstr. 6b (see advts.). 

Naphthylamines (Amido -naphthalenes). C10H7 . NHg. The two isomers 
are obtained by entirely different methods. 

(x-Naphthylamine is obtained by reducing a -nitro -naphthalene (q. v.) by 
the following process: — 800kg Fe and 40kg HCl are mixed, water added, 
the mixture warmed and then 600 kg air -dried a-nitro-naphthalene added with 
constant .stirring and the temperature kept at 70® C. for 6 — 8 hours 
Slaked lime (about 50 kg) is then added until the reaction is alkaline, when 
the naphthylamine is distilled in retorts, the temperature of the cooling 
water being kept at 60® 0 to avoid the choking of the condenser by naphthyl 
amine. The crude naphthylamine solidifying as a blackish-grey mass in 
the receiver is purified by rectification. It forms colourless leaves, easily 
sublimed, sparingly soluble in H2O, readily in alcohol and ether. It possesses a 
very disagreeable smell. The crystals gradually turn brown when exposed to 
the air M. P. 50®, B. P. 300®. The commercial, product is, (accordiug to its 
purity), colourless or brownish-black. — The Germ. Pat. 139457 quoted in the 
article on “Aniline” has been extended to the preparation of a-naphthylamine. 
According to this catalytic method, based upon the addition of hydrogen in 
the presence of finely divided metals, when the vapours of nitro-naphtnalene 
mixed with H or water gas are passed over a layer of reduced Cu at a tempe- 
rature of 300 — 400 ®C, reduction to naphthylamine takes place smoothly. 

^-Naphthylamine cannot be produced in the same way since nitration 
of naphthalene results in the formation of a-nitro-naphthalene. It is obtained 
by the action of ammonia on /9-naphthol: — 

C10H7 . OH -f NH3 = C10H7 . NH2 -f H2O. 

10 kg yJ-naphthol are heated with 4 kg caustic soda and 4 kg sal ammoniac 
in an autoclave to 160® for 60 — 70 hours, the unchanged ^-naphthol is then 
removed by treatment with NaOH and the /S -naphthylamine extracted from 
the undissolved residue with dilute HCl. According to a new method, sulphites 
are added in the process ; the sulphuric acid ester of /d -naphthol is first formed 
which is changed more readily than the naphthol itself into the amido com- 
pound. — The commercial product is a hard, fused mass, while pure y^-naphthyl- 
amine forms bright white odourless leaves, sparingly soluble in cold readily m 
hot HgO, alcohol and ether. It is volatile in steam. M. P. 112®; B. P. 294 . 
Both naphthylamines are mainly used in the manufacture of azo-colou^. 

Naphthylpiienylamine. CjqH? . NH . C 5H5. It is obtained as the a-modi 
fication by heating aniline salt with a-naphthylamine to 240® C. The com- 
mercial product is a light brown mass, the pure compound is colourles.s. 
M. P. 62®, B. P. (at 15 mm mercury) 226®. 

Test. Commercial a-naphthylamine should melt at 62® and should dissolve 
completely in warm dilute HCl without leaving any oily residue. A solution 
of a-naphthylamine hydrochloride gives a violet precipitate with FegClg 
other oxidizing agents. Nitrites in slightly acid solution give a brown-r 
precipitate of amido-azo-naphthalene. 
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i9-naphthylainine differs from a -naphthylamine in having a much higher 
M. P. and in the absence of the disagreeable smell. Oxidizing agents do not 
produce characteristic colour reactions in solutions; with nitrites a brick-red 
precipitate of /8-amido -azo-naphthalene is formed. The commercial product 
should not smell of a-naphthylamine, should have approximately the theoretical 
M. P. and should dissolve almost completely in dilute HCl. The chief im- 
purities are naphthol and di-naphthylamine the presence of which may be de- 
tected by their insolubility in HCl. 

Naphthylamine derivatives. The following are the various sulphonic acids. 
The system of nomenclature is given under “Naphthalene”. 

1 . Naphthionic acid, a-naphthylamine sulphonic acid 1 : 4, obtained 
by the action of hot fuming H2SO4 on a-naphthylamine. 

2. a -N aphthylamine sulphonic acid L (naphthalidine sulphonic acid; 
Laurent's acid) NHg : SO3H =1:5; obtained by sulphonating a-naphthyl- 
amine. 

3. /9-Naphthylamine sulphonic acid D (Dahl's acid). NH2 : S03H = 2:5. 
Obtained by the action of 3 parts concentrated H2SO4 on 1 part ^-naphthyl - 
amine sulphate at 15 — 20° for several days (patented process). 

4. /9-Naphthylamine sulphonic acid Br (Broenner^s acid). NHg : SO3H 
= 2:6. Obtained by heating /9-naphthol-sulphonic acid S 2 : 6 (see “Naph- 
Tiioii derivatives”) with aqueous ammonia in digestors for some time at 
180° C (patented process). 

5. Naphthylamine sulphonic acid F (Delta acid F-acid). NHg : SO3H 
= 2:7. Obtained like No. 4 from 2 : 7 naphthol sulphonic acid. 

6. a-NAPHTHYLAMiNE-3-Di-suLPHONic ACID 1:3:8. Obtained by sulph- 
onating naphthalene with fuming H2SO4 at the ordinary temperature, 
followed by nitration and then by the reduction of the nitro-naphthalene- 
di-siilghonic-acid 1:3:8 thus obtained. 

7. a-NAPHTkYLAMiNE-Di-suLPnoNic ACID D (Dahl's acid). A mixture of 
di-Hulphonic acid NHo : SO3H : SO3H = 1:4:6 (acid II) with di-sulphonic 
acid 1:4:7 (acid III). According to a patented method the mixture is 
made by heating to 120° 1 part a-naphthylamine with 5 parts 25 % fuming 
H28O4. To separate the two acids, the calcium salts are prepared, extracted 
with 96 % alcohol and the undissolved residue treated with boiling 85 % 
alcohol: the calcium salt of acid II dissolves, while acid III remains un- 
dissolved. 

8 . /S-Naphthylamine- DI-SULPHONIC ACID R, 2:3:6; obtained from ^-naph- 
thol-di-sulphonic acidR by treatment with NHj (see “Naphthol derivatives”). 

y. /^-Naphthylamine-di-sulphonic ACID G, 2 : 6 : 8 (Gans' acid). Obtained 
oy heating ^^-naphthylamine sulphate with 25 % fuming H2SO4 to 100 — 140° C 
(patented process). 

10. /S-Amido-naphthol sulphonic acid r NHjj : OH : SO3H =1:8:6. 
Obtained by melting ^-naphthylamine-di-sulphonic acid G with caustic soda. 

11. Amido-naphthol-di-sulphonic acid H. NH2 : OH : SO3H : SO3H 
1 • 8 : 3 : 6. Obtained by heating the 1 : 8 ; 3 : 6 di-amido-naphthalene- 

disulphonic acid with dilute acids to 100 — 120°. 

Naphthylphenylamine see “Naphthylamine”. 

Naples yellow see “Lead colours”. 

Narceine see “Opium” and “Opium alkaloids”. 

Narcoform see “Somnoform”. 

Narcotil. Methylene chloride CHiClj. It is used as a local anaesthetic. 



448 


Naecotinj;. 


Narcotine see “Opium" and “Opium alkaloias . 

Narcyl = Ethylnarceinhydrochloride. CjjjKUiONg . HCl. It forms silky 
prisms M. P. 205—206®, readily soluble in HgO. It is used medicinally to 
relieve fits of coughing. The usual doses are 0.06 g internally and 0‘02g 
subcutaneously. 

Natural dyestuffs see “Vegetable dyestuffs’" and “animal dyesti ffs ’. 

Negro powder see “Safety explosives". 

Neodymium see “Didymium". 


Nernst lamps. Electric incandescent lamp in which the incandescent 
substance is not a carbon filament but one composed of magnesia mixed with 
incandescent minerals. These oxides being conductors of the second class, 
do not conduct below 600 — 800®. The incandescent substance must therefore 
be previously warmed. This is effected by a heating coil, inade incandescent 
by the current, and automatically switched out when the fdaments bc( omes 
incandescent. The filament emits a brilliant white light similar to daylight, 
and at this temperature is a good conductor of electricity. 

Nemst lamps arc made in various forms — from 16 — 250 candle powers — 
Model A resembles the arc lamp, B the electric incandescent lamp. The Nernst 
lamp does not require an evacuated globe like the usual carbon filament lamp. 

Although the initial cost of Nernst lamps is higher than that of carbon 
incandescent lamps, they work at a much lower rate. 

Nerol. C10H17OH. A terpene alcohol isomeric with geramol (q. v.) pre sent 
in small quantities in oil of orange. It is obtained from petitgrain oil ( brench 
Pat. 326658) or is synthetically prepared (French Pat. 329529). It is al.so 
present in the reaction mixture obtained when linalool is acetylated. 

Colourless oil with a pleasant rose-like odour. S. G. (at 15®) 0.880 O.880. 
B. P. (760 mm) 225—226®. B. P. (25 mm) 125®. 

Nerolin. (/9-naphtholmethyl ester) . 0 . CH3. The ^-naphtholcthyl 

ester is also known under this name. It is prepared by heating o par ^ 
5-naphthol, 5 parts of absolute methyl (or ethyl) alcohol and 2 parts ^ 

125® for several hours under reduced pressure. It is also obtained by 
action of methyl (or ethyl) iodide on potassium ^-naphtholate CiqB? . t v- 
A crystalline substance with an odour like that of orange flowers. 

Neurodine = Acetyl-p-phenylurethane. C6H4(C02 . CH3)NH . COg ^^^5- 
According to the Germ. Pat. 69328 and 73285 the p-oxyphenylurethaiic 
first produced by the action of the ester of chloroformic acid on 
and this is converted into neurodine by acetylation with ^etic anhytin • 

Colourless crystals M. P, 87 ®, sparingly soluble in cold, a little more rea 1 
in hot HjO. It is chiefly used as an anti-neuralgic, and also as an antipyre 


Neuronal 


= Bromdiethylacetamide. 

Br 




/ 


-c< 


NH 


To prepare neuronal diethylacetic 


OH 

acid 


converted into diethylac^l^>J 


cia 18 converiieu mtu 
chlori^ by phosphorus pentachloride. By gradually 

bromine the bromdiethyfiujetyl chloride is formed. This is purified by _ 

distillation and changed into bromdiethylacetamide by aqueous am 
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Colourl^ crystals M. P. 66-670 0, soluble in alcohol, ether and benzene 
Neuronal has go^ effects inmost cases of insomnia, headache, and epilensv 
(it contains 41 % bromine). Dose 0.5 — l.Og. ^ ^ ^ 


Ncnrotropine = Urotropinemethylene citrate. It is used medicinaUv like 
urotropme; see Hexamethylenetetramine''. ^ 


New Bed process see “Turkey red dyeing". 


Nickej. Ni Atomic weight = 58.9. The most important nickel ores are 
kupfermckel NiAs, NiAsj, nickel glance NiAsj . NiSj, brcithauptite NiSb 
and vanous silicates such ^ garnierite with 10-20 % nickel and rewdanskite 
with 16—18 ^ Mckel. The metal is obtained partly by dry and partly by 
wet methods. Nickel silicates are smelted with coke and basic sdbst^ces 
with formation of crude nickel containing coal and iron ; it is decarbonised in 
MARTiN-furn^es withahot blast so that Fe, Mn and Si form slags. In obtaininir 
metal from Ni-ores containing sulphur it is important to notice that Ni has 
greater affinity for S than Fe has, but less than Cu, while the affinity for 0 
is in the reverse order. Consequently so long as there is sufficient S nickel 
collects together with Cu as matte, from which it is obtained as crude nickel 
after repeated roasting and smelting operations similar to those used in copper 
smelting (see Copper ). Since the sulphur compounds of Ni and Co are 
not so stable in presence of C and H as iron and copper pyrites they form 
slags rather more readily (particularly Co.) When nickel and cobalt compounds 
containing oxygen are smelted with iron pyrites and acid silicate slags, the Ni 
{mo that of the silicate) goes to the matte almost completely, while the Co 
(iocs 80 only partially and the silicate not at all. The nickel ores containing 
sulphur must bo roasted before smelting to remove part of the iron sulphide • 
they are then melted in the manner mentioned to remove the other metals 
as slags. On the other hand ores containing arsenic are smelted and roasted 
nbtTined^^^ concentrated by the roasting and smelting processes^ 


Iheso concentrated materials are further treated by either dry or wet 
processes. In the former case the process for matte and speiss is similar to 
e treatment of copper (q. v.) while the crude speiss is refined; the As is 
moved by various operations and the oxides reduced in closed vessels by 
cfiarooal powder. In other cases, nickel from matte and speiss and particularly 
irom the oxide ores is better prepared by the wot method. The ores, roasted 
or otherwise, are treated with HCl or H2SO4 and the lyes freed irom the 
A? and Co) by the action of various 

limf Tu precipitated in boiling solution with soda or milk of 

anal 4- purification processes are similar to the various reactions of 

See inost difficult is the complete separation of Ni and Co. 


roffn nickel produced by one or other of these methods, is finally 

arp instance C, Si and O are removed. The first two 

a process of puddling or by “blowing" in a Bessemer con- 
wit b ^ removed by heating with Al, P, Mn, or more usually 

mnrrt ,1^’ i.-i ^ removal of 0 is very important as then the cast nickel is much 
for Ir malleable. The Engl. Pat. 19914 (1902) protects a method 

Tl melting the crude metal in cupola furnaces. 

Mond process has now advanced beyond the experimental stage. This 
of “^vented by Mond (Germ. Pat. 67320) has for its object the production 
carhn^ 1 direct from the ores, by making use of the gaseous nickel 

and process is as follows: The ores (2—6 % Ni and 2—6 % Cu 

e are the most favourable compositions) are first roasted, then melted 
^liicher. on 
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to a matte which is concentrated in converters. The matte containing 31.37 
Ni, 48.6 % Cu and 0.7 % Fe is ground, roasted, and extracted. The nickel 
carbonyl is formed by reducing the nickel oxide by reducing gases at 350 — 400 » 
and conducting carbon monoxide over it at a lower temperature (not above 
100® C); the gaseous nickel carbonyl escapes. The vapours are caught and 
heated to 160 — 180® when they decompose completely. Pure metallic nickel 
is formed and CO escapes; the latter can be used to prepare a further quantity 
of nickel carbonyl. According to Germ. Pat. 149559 the nickel obtained 
by reducing the oxide is subjected to high pressure in a strong vessel in presence 
of CO; the pressure is 2 — 100 atm. (according to the temperature) and the 
contents of the vessel are heated to 50 — 250 ®C. The vapours of the nickel 
carbonyl mixed with the excess of CO are led through strongly heated pipes 
where metallic Ni is deposited while the CO is used to treat a further quantity 
of spongy nickel. The vapours may also be taken through a cooled condenser; 
the nickel carbonyl then separates as a liquid from which metallic nickel may 
be obtained. 


Attempts have been made to obtain nickel by the reduction of the oxide.'i 
with carbon in the arc of an electric furnace. The Germ. Pat. 151964 protects 
a method for the preparation of nickel oxide suitable for this purpose which 
is free from impurities. 

The preparation of nickel from alloys of Ni and Cu, obtained from nickel- 
copper mattes, has recently been accomplished electrolytically. The Cu is 
first separated from the alloys electrolytically; the alloys are used as anodes 
and copper sheets as cathodes; the bath is a solution of copper chloride and 
nickel chloride. The solution is kept at the proper concentration by eon 
tinually passing it through a tower containing the granulated Ni-Cu-alloy. 
During electrolysis the Cu separates while the Ni remains dissolved, so that 
the electrolyte gradually becomes richer in Ni. When the concentration 
is sufficiently great Fe and Cu are precipitated (the latter by HgS) and the 
purified solution electrolyzed between anodes of carbon and cathodes of 
sheet copper. The Ni now settles on the cathodes. The Cl evolved at the 
anodes is conducted into the above mentioned tower containing the granulated 
alloy through which the solution passes and is used again to dissolve fresh 


quantities of metal. 

E. Guenthkr has made experiments for working directly with concentrated 
nickel matte (electrolytically). He used anode plates of matte with 75.9 % Ni, 
23.9 % S, 0.4 % Fe, 0.16 % Cu and 0.1 % SiO.^; the bath was a solution of 
NiS 04 with 0.03 to 0.25 % free acid. The best current density is given as 
250 — 275 amp. per square meter at 3 volts. The current power is utili/ed 
at the rate of 80 — 92 %. The anode residue was S (80 %) and undissolvTU 
metallic sulphates equalling 28 % of the anode material consumed. The nickel 
obtained was 99.71 %Ni, 0.20 %Cu and 0.085 % Fe. 

Ni is a greyish-white metal of high silvery lustre, soft and capable of taking 
a polish, malleable, magnetic; it is approximately as ductile as and stronger 
than Cu. S. G. 8.9; M. P. about 1500® C (lower when it contains C). y 
used in the manufacture of various articles, chiefly in the form of alloys 
(see “Nickel alloys"). Electrolytic nickel plating is carried out on a large 


scale (see “Nickel plating"). 


Nickel bath. A solution of 5 — 7 % purest nickel salt (nickel ammoniun 
sulphate, absolutely free from Cu) is used ; the solution must be absolu e 
neutral, accurately neutralized with NHg. To the bath 2.5 % pure boric aci 
or 0.5 % citric acid is added ; 1 — 2 % crystallized ammonium sulphate is a ^ 
frequently added. • i o mn 

If copper plating precedes the nickel plating the current used is l-^ 
at 20® C; but for direct nickel plating of copper alloys and iron O.o a f- 
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per square decimetre is used. At first a strong current should be employed 
to produce a thin covering rapidly, since until then a strong polarization current 
tends to neutralize the effect of the electrolytical process. In order to alter 
the current conveniently the nickel plating arrangement is always equiped 
with a resistance that can be regulated. Nickel baths require 2.0 — 2.2 volts. 
Very thick nickel coverings cannot be obtained in cold baths as the deposit 
peels off. Nickel platings of any thickness may be obtained on zinc 
gj^gets — otherwise the most difficult material to plate — by first polishing 
them very highly and warming the liquid to a temperature between 
60 and 90® 

According to a new method by Edison the surfaces of an iron or steel article 
are fii’st plated very thinly and then heated to the M. P. of Ni in a non* 
oxidizing atmosphere, e. g. hydrogen. The nickel film thus fused on to the 
metal is said to adhere so firmly that neither stretching nor minting will cause 
it to break away. 

Nickel alloys. Since it was discovered how to free nickel from C, Si and 0 
(see “Nickel”) the difficulties of working with pure nickel have been overcome. 
In consequence of these difficulties the greater part of this metal is still used 
in the form of its alloys, chiefly with copper. An especially fine white colour 
is possessed by an alloy of 3 parts Ni and 4 parts Cu, though this is also very 
difficult to work. The German nickel coins consist of 25 % Ni and 75 % Cu. 
Other nickel alloys are : — 

1. German Sii.ver (Argentanc, Maillechort, Pakfong, Alpacca, White 
(Jopper). The most important of all Ni-alloys, consisting of Ni, Cu, Zn in very 
varying proportions, on an average 16 parts Cu, 7 parts Zn and 48 parts Ni. 
According to the composition it is yellowish -white to silver white in colour; 
it is very resistant to chemical action and harder than brass. It is usually 
obtained by melting the ingredients together in graphite crucibles. Since 
As makes German silver brittle and less easily worked, the purity of the com- 
ponents is of great importance. When the alloy contains a little Ag it is called 
Chinese silver (Peru silver) while silver plated German silver is known as 
Alkenide, Argyroide and Christofle, 

2. Nickel iron and Nickel steel sec “Iron alloys”. 

^ 3. Minargentum. Very hard alloy, similar to silver in colour and lustre. 
70 parts Ni, 100 parts Cu, 5 parts W and 1 part Al. 

4. Nickeline. Alloy similar to German silver, used for electric resistances. 
Composition variable, e. g. 54 % Cu, 26 % Ni, 20 %Zn. Specific resistance 
« == 0.0002. Since the resistance of German silver changes in the course of 
linie, nickel alloys free from Zn are frequently preferred, like Conatantane 
(see below) and Manganine (see “Manganese alloys”). 

5. Nickel aluminium. A new alloy of Ni and Al which is apparently 
becoming important for bell casting. Nickel aluminium with a tensile strength 
of 13.8 kg per square mra has a S, G. of 2.8, while the metals otherwise used for 
bells, like cast steel and bronze, have a S. G. of 7.8 and 8.8 resp. This should 
be a considerable factor in the construction of towers which suffer considerably 
from the effects of the swinging of the bells. The bells of nickel aluminium are 
said to have quite as pure a tone as those made of bronze though the tone 

a little softer. They are also very resistant to atmospheric agencies 
since oxidation is impossible. See also “Aluminium alloys” No. 7 and 8. 

b. CoNSTANTANE. Material for electric resistances, consisting of 50 % Cu 
^nd 50 % Ni. Specific resistence c == 0.5 ; temperature coefficent a = 0.000026. 

Alloy, used by jewellers, consisting of 40 parts Ni, 30 parts Al, 
^9 parts Sn and 10 parts Au. 

b- Invar. Alloy of 36 % Ni and 64 % steel. It scarcely expands at all 

heating and so it is very suitable for delicate instruments, measures, and 

29 * 
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measuring wires for geodetical surveying, &c. The discovery is due to 
Dr. Guillaume of Paris. 

Nickel compounds. 

1. Nickel acetate. Ni(C2H302)2- Obtained by dissolving nickel oxide 
in acetic acid. It crystallizes with 4 HgO ; the apple-green crystals effloresce 
slightly in air, dissolve in 6 parts cold HgO and are insoluble in alcohol. 

2. Nickel ammonium sulphate see No. 7. 

3. Nickel chloride. NiClj- i®. formed when Ni is dissolved in Aqua 
regia; it sublimes in yellow crystalline scales. Germ. Pat. 146363 treats 
of a method for obtaining nickel ammonium chloride Ni(NHa)2Cl2 + 4NH3; 
based on mixing the respective metallic salts with excess of NH3 and pre- 
cipitating the double salt by the addition of a suitable salt. Germ. Pat. 161 1 19 
purposes the production of a similar double salt of the formula Ni(NH 3)2^1, 
-f 4 NH3 + 2 NH4CI ; nickel oxide or nickel hydroxide is treated with excess 
of NH3 and the ammoniacal solution obtained mixed with excess of alkali 
chloride. 

4. Nickel oxide. NiO. It occurs naturally as bunsenite in green 
transparent octahedra; it is obtained as a green powder by strongly heating 
the hydroxide, carbonate or nitrate. Nickel hydroxide Ni(OH)2 is precipitated 
by alkalies as an apple -green precipitate from solutions of nickel salts; it 
dissolves in NH 3 giving a blue solution. All nickel salts correspond to nickel 
oxide. 

6. Nickel sesquioxide. NigOg. It is obtained by decomposing the chlorate 
or nitrate at as low a temperature as possible. It is a black powder which is 
converted into NiO by heating. Hydroxide of nickel Ni2(OH)3 is formed when 
Cl acts on Ni(0H)2 suspended in water; also when a solution of a nickel salt 
is warmed with an alkaline hypochlorite ; it is a voluminous inky- black pre- 
cipitate. The Amer. Pat. 763063 protects the production of nickel hydroxide 
from nickel ammonium chloride by washing the latter in a solution of CaCl 2 
and heating it. Nearly identical with this is the Amer. Pat. 773636 according 
to which the same initial materials are used but the NH4CI is removed by 
distillation. 

6. Nickel sulphate. NiS04. Obtained by dissolving Ni in H2SO4 with 
the addition of a little HNO3, More frequently by dissolving nickel hydroxide 
— obtained in preparing nickel by wet methods — in dilute H2SO4 and 
evaporating to the point of crystallization. It crystallizes at 16 — 20® C with 
7 HgO in dark emerald-green efflorescent crystals; at a slightly higher tem- 
perature it crystallizes with 6 HgO in bluish -green crystals: at 280® C it turns 
yellow and loses the water of crystallization. It dissolves in 3 parts H2O and 
is insoluble in alcohol. It is chiefly used in nickel plating (see “Nickei» 
plating”). 

7. Nickel ammonium sulphate. NiS04 + (NH4)2S04 + 6 HgO. NibOj 
is dissolved in H2O rendered acid with H2SO4 and the liquid poured ^ 
solution of ammonium sulphate when the greater part of the Ni is precipitated 
as the double salt. Green crystals, slightly soluble in H2O; at 20® C the 
anhydrous salt requires 17 parts H2O for solution. It is almost insoluble 
in ammonium sulphate solution containing sulphuric acid. It is used m 
nickel plating. 

Nickel Compounds: 

Willy Manger, Dresden, Germany. 

Nickel plating . General information will be found under ‘ ‘Elbctbop^tino ^ 
Galvanic nickel plating has become especially important since nickel, 1 
consequence of its resistance to all kinds of external Muences, is very suita 
for all varieties of metallic articles. 
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To get a pure white nickel covering, the solution must be slightly acid; 
a rule small amounts of boric acid, citric acid, or benzoic acid are added. 
Nickel sulphate is rarely used. Generally the so-called nickel salt (nickel 
mmonium sulphate) is preferred as it conducts better. Copper, brass, German 
^ilver and other copper alloys, as well as iron and steel are nickel plated 
directly, while articles of tin, zinc, Britannia metal and lead are preferably 
first finely copper-plated or brass -plated before the nickel is applied. The 
l)est results are obtained when the articles are previously polished. The 
anodes are cast or rolled nickel sheets, hung up on either side of the cathode 
rod (10— 15 cm apart). When the articles are round, it is well to surround 
them with anodes. 

Nickel Plating: 

Cannings. Great Hampton St., Birmingham. 


Nicotine. CioH^ 4 N 2 . This is the alkaloid of tobacco {Nicotiana tabacum). 
The constitution is: 

CH 


HCi 


HC 


CH— CHj 

I 


V 


'CH ill CH, 




It is best obtained from the tobacco extract usually sold. The latter is 
diluted, made strongly alkaline with NaOH and then extracted with ether. 
The alkaloid is separated from the ether by dilute HgSO^ ; the aqueous solution 
of nicotine sulphate is rendered strongly alkaline with NaOH and again 
extracted with ether. The ether solutions of nicotine are finally dried with 
solid NaOH, the ether distilled off and the remaining alkaloid rectified in a 
current of hydrogen. 

Nicotine is a colourless mobile liquid. Exposed to air it gradually thickens 
and becomes brown. It has a strong smell of tobacco and a sharp burning taste ; 
S. G. (at 15®) 1.0147. Nicotine is volatile in steam without decomposition 
but decomposes if distilled under ordinary pressure. In a current of hydrogen 
it boils without decomposition at 240 — 242® C. It is extremely poisonous. 
It mixes with HgO, dissolves easily in alcohol, amyl alcohol, ether, CHClg, 
petroleum ether and fatty oils. 

Nicotine and its salts are used medicinally, internally in doses of 0.001— -0.003g 
for nervous palpitation of the heart, externally in alcoholic solution for 
embrocations, poultices, clysters, &c. 


Salicylate of Nicotine: 

L. Marquart, Chem. Fabrik, Beuol a. Rhein (Germany). 


Nigramine. A dyestuff of unknown constitution obtained by the action 
pitrodimethylaniline hydrochloride or aniline salts. It is a black powder 
'^bich dyes mordanted cotton bluish -grey shades. 

Nigraniline see “Aniline black". 


Nigrisin© (New grey). A dyestuff of unknown constitution obtained 
by the oxidation of amidodimethyl aniline. A greyish-black powder which 
gives silver grey or dark grey shades on cotton mordanted with tannin. 

Niobe oil (Benzoic acid methyl ester), see “Benzoic acid", “Fruit essences . 
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Niobinm. Nb. Rare metallic element, atomic weight 93.9. Like its com- 
pounds it has no industrial value. 


Nirvanine = Hydrochloride of the methyl ester of di-ethyl-glycocoll-p. 
amido-o-oxybenzoic acid. 


(C2H5)jN : CHj ~~ CONH] 




.Ha 


Mono-chlor-acetyl chloride is allowed to act on the methyl ester of p-amido- 
O'Oxybenzoic acid dissolved in benzene. The benzene is then distilled off 
and the chloracetyl-p-amido*o-oxybenzoic acid methyl ester separates out! 
This is dissolved in alcohol and heated under pressure with a solution of 
di -ethyl- amine with formation of nirvanine. 

White prisms, easily soluble in HjO. M. P. 186°. Nirvanine is a local 
anaesthetic; it is used in 0.1 — 2 % solutions. 


Nitraniline. C^HdNOjlNHj. o-Nitraniline is obtained as follows (Germ. 
Pat. 65212) : Oxanilide is warmed with H2SO4, the oxanilido-sulphonic acid is 
nitrated and the di-nitro-oxanilido-sulphonic acid thus obtained is heated 
with H2SO4, at 130 — 150° C in open vessels. The oxalyl group is split off 
and o-nitraniline obtained. Crystals M. P. 71.5°. By nitrating acetyl- 
sulphanilic acid the same compound is also obtained. 

m-NiTRANiLiNE Can be produced [Germ. Pat. 30889 (expired)] from aniline; 
10 kg finely powdered aniline nitrate is gradually and with constant stirring 
added to 40 kg of concentrated H2SO4 cooled to — 5°C. The temperature 
should not rise above -f 6° C. Then the solution is poured into 400 1 H2(), 
mixed carefully with soda lye, the precipitate washed, pressed, and dissolved 
in HCl, The m-nitraniline hydrochloride may either be allowed to crystallize 
or the base may be separated. Yellow crystals, easily soluble in alcohol 
less so in HgO; M. P. 114°; B. P. 285°. 

p-NiTRALiNiNE is obtained from p-nitroacet anilide. The latter is prepared 
by dissolving acetanilide in hot acetic acid, mixing with H2SO4 after cooling 
the mixture, and then nitrating with a mixture 01 nitric and sulphuric acids. 
After standing a short time the mixture is poured into ice- water, when p-nitro- 
acetanilide separates; it is converted into p-nitraniline by warming with 
dilute H™S04. According to Germ. Pat. 148749 it is obtained by heating 
p-nitrochlorbenzene with excess of NH, to about 130 — 180°C; the greater 
the excess of NH3, the lower may be the temperature, p-nitraniline forms 
yellow needle-shaped crystals, scarcely soluble at all in cold HgO, readily 
soluble in hot HgO, M. P. 147°. 

All three nitranilines are used in manufacturing azodyes, p-nitraniline 
is used in great quantities, p-nitraniline red is produced on the fibre by 
diazotisation with addition of 5-naphthol. 

Nitrates see under the respective metallic compounds. 

Nitration. Nitration is carried out with nitric acid or fuming nitric acid; 
with mixtures of concentrated H 2 SO 4 (S. G. 1.846) and concentrated HNU3 
(S. G. 1.385 — 1.440), a mixture called nitration acid; with a mixture oi 
HNO 3 and acetic acid; with potassium nitrite KNOj, silver nitrite AgNOj, 
Instead of HNO 3 + -f- HjSO* may be used. In general, aromatic 

substances are nitrat^ in the cold, as hot HNO 3 has a stronger oxidizing 
action. Special notes on nitration are given under the methods tor obtaining 
various compounds. 
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An interesting experiment is the reduction of aromatic nitro-substances in 
alkaline solutions, a method protected by the French Pat. 314699 . With 
pe and soda lye nitrobenzene is said to be reduced to hydrazobenzene \^dth 
great ease, a nitronaphthalene to a-naphthylamine, &c. 

Plants and Apparatas for nitrating: 

Volkmar Haenig & Comp., Heidenau-Dresden, Germany (gee front part advt.). 

Friedrich Hockmann, Berlin SO. 16, Briiokenatr. 6b (see advta.). 

Nitric acid. HNO^. The only important commercial method of manufacture 
is the one in which Chili saltpetre and H2SO4 areused. The reaction is in accord- 
ance with the equation 

2 NaNOg -f H2SO4 = Na^SO^ + 2 HNO3 
and only takesplace at such a temperature that part of theHNO^ is decomposed 
into N2O4 and O. At lower temperatures NaHS04 is formed and twice the 
aniountof H2S04is used : — NaNOg = H2SO4 — NaHS04 f HNO3. The reaction, 
carried out at a moderate temperature, is, however, accompanied by many 
secondary reactions by which part of the HNO3 is decomposed into N^04 
and 0 . As this decomposition is generally due to the dehydrating action 
of concentrated H2SO4, the latter is usually taken not at 66® B6 but at 60 ® Be, 
and an excess (about 20 — 50 % over the theoretical amount) is used, and only 
when HNO3 of S. G. 1.5 is required, is H2SO4 of 66 B6 used. 

The decomposition of NaNOg by H2SO4 was formerly carried out in glass 
retorts, but at present cast iron or earthenware retorts in the shape of horizontal 
cylinders, vats and pots are exclusively used. At the lowest point of the 
retort there is a tap by which the NaHS04 remaining liquid can be drawn off. 

The arrangement for condensation consists of a number of earthenware 
condensation vessels and cooling coils; a cooler is placed between each two 
condensers. From each set (condenser — coil — condenser — coil — condenser) 
the acid there condensed can be tapped off by hydraulic means, so that a 
separation of the colourless from the red acid (containing N2O4) may be effected. 
From these receivers the vapours enter a condensing tower, fed with H2SO4 
or with HgO, so that, in the former case nitric acid (which can be used for the 
manufacture of H2SO4) is obtained and weak HNO3 in the latter. Formerly 
the use of a coke tower, still used to a small extent, was general, but at present 
the far more effective and much smaller absorption towers filled with balls, 
dishes, &c. of earthenware are more frequently employed. HNO3 is also 
frequently condensed in large earthenware condensing tubes cooled by air 
(similar in their arrangement to the air condensers of gas works), from which 
the uncondensed vapours pass to the absorption tower. Guttmann’s patented 
device for condensing nitric acid is of such a nature that the gases coming from 
the decomposition retorts are rapidly condensed in long earthenware pipes 
at a temperature at which the greater part of the nitrous acid and the chlorine 
remain volatile and enter an absorption tower. By an ingenious arrangement 
the condensed acid is at once removed from contact with the gases ; the gases 
are continuously supplied with air by an automatic apparatus which converts 
the nitrous acid into HNO3, partly in the retorts, and partly in the tower 
^hile the chlorine is forced out. 

In the manufacture of HNO^ the formation of N2O4 can never be quite 
avoided; the yellow (red) acid is decolourized by air which is forced in, or 
^mpressed air is led directly into the gaseous mixture of HNO3, N2O4 and 
W2O as it leaves the retort. 

As mentioned above, the strength of the HNO3 depends on the concentra^ 
of the H0SO4. If the latter is of 60 ® B^ the HNO3 obtained is of 40 to 
Q j 3g — 1 . 41 )^ while the preparation of concentrated HNO, 
requires H2SO4 of 66® B4, and also under certain conditions (for HNO3 of 
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S. 0« 1.62) shai^y dned, ohlorme-free Chili saltpetre. In order to concentrate 
weitk nitric acia it is distilled with Hj,S04 of B6 in Vaubntineb's vacuum 

apjwatus. T^e acid reaches a hi^ percentage (1.6 S. G. «= 48®B and 
and is perfectly white and free Irom impurities. The latter fact ig 
the reason for its great value in nitrating. The HgS04 during the distillation 
is reduced in strength to 60° and is then used for the decomposition of fresh 
saltpetre. 

Inough in principle the manufacture of nitric acid is extremely simple, 
in practice there are various difficulties due to the requirements as to the 
punty of the nitric acid insisted upon by explosive works. Wintbleb has 
studied the principles of the manufacture of nitric acid (Chem.-Ztg. 1905, 820) 
and gives the results of his investigations as follows: — 

In order to obtain nitric acid of the highest concentration and at the same 
time to obtain a good yield it is necessary that: — 

1. The temperature of distillation should be kept as low as possible. 

2. No overheating of the contents of the retort should occur. 

3. The heating mxould take place so slowly that overheating becomes 
impossible. Size and shape of the retorts determine the necessary time 
in consequence of the valuing heat conduction. 

4. The beat yield of nitric acid of the highest concentration is not obtained 
by the use of H^SOa of highest concentration and dry saltpetre, but with 
H2SO4 of about 92 %. 

6. The introduction of atmospheric oxygen into the retort increases the 
yield of concentrated acid. 

6. Rapid cooling of the distilled gases is of advantage. 

The crude HNOj is, as already pointed out, decolourized by a warm current 
of air, the acid itself becoming warm during the process. By this method 
not only N2O4 (and NgOo) but also the additional Cl (from the NaCl of the 
NaNOg) are driven off. Absolutely pure HNO3 is produced from pure H2SO4 
with dry NaNOg, purified by washmg. 

Various new methods for the production of nitric acid have been introduced 
during the last few years. In the first instance Guttmann and Valentiner 
should be mentioned. In Guttmann's process (Germ. Pat. 63799, 73421 and 
136679) as remarked above air is blown into the gases escaping from the 
saltpetre retorts, while according to Valentiner (Germ. Pat. 63207 and 
88321) distillation in vacuo is required ; in this way a colourless acid of S. G. 1.5 
is obtained directly without a decolourizing process. In Valbntinbr's system 
a condensation tower is not required. According to G^erm. Pat. 144633 m 
the same firm, pure HNO3 of the highest degree of concentration is obtained 
in VQ/cw) by adaing only 34 necessary amount of H2SO4 and allo\ring 

the rest to flow in at the same rate as the HNQg i& removed. The HgS04 
meets the escaping nitrous gases thus freeing them from HgO and impunties. 
In this way 100 % HNO3 is said to be obtained in one operation. 

Ubbbl’s method (Germ. Pat. 106962) consists of the continuous production 
of HNOg by decomwsing saltpetre with polysulphates instead of with H2SU4. 

AccoroUng to Niedbnfubhr (Germ. Pat. 166096) the arrangement tor 
producing HNO* is such that the centre is occupied by a contrivance exertmg 
simultaneous a forcing and sucking action; this arrangement exerts suction 
on the producing iCtotts and on the first condensing apparatus, and 
on those parts of the plant in which the oxidation and condensation of tne 
lower oxides of nitoogen performed, 

The Germ. Pat. 166006 ^ats of th® purification of nitric acid by distillation. 
Nitric acid is ma^ to flow oyer ailioeous matter, &o. placed in distillmg 
heated frmn outside, The aeki should awaporate before coming m oont^ 
with the widls of Ihe vessel and then be caadensed in the usual way. A 
of about 0.6 m height and 0.4 m diameter idiould turn out about 
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chemically pure HNO« in 24 hours. Bisulphate, compounds of iron, silicic 
acid and other non-volatile contaminations remain in the vessel. In order to 
concentrate the dilute HNO3 obtained by various chemical processes it is 
mixed with oonc. H28O4 and the cone. HNO3 separated by distillation. There 
are various objections to this process and many modifications have been intro- 
duced. An improvement is that of French Pat. 358373 according to which 
the dilute acid is heated with polysulphates instead of with HaSO^ In this 
way cone. HNOo and a hydrate of the polysulphate are obtained. The latter 
on heating to 230® loses water and may be employed for heating a further 
quantity of HNO3. Similar to this is Germ. Pat. 174736. 

According to French Pat. 371797 nitrates (e. g. Ca(N03)2 and Mg(N03)a) 
which readily take up water are suitable for the concentration of dilute HNO3. 
Oerm. Pat. 180062 proposes concentrating HNO3 by electrolysis. 

Concerning the manufacture of nitric acid from atmospheric nitrogen, see 
below. — 

Red, fuming nitric acid, i. e. a saturated solution of NgO* in crude HNO3 
(S. G. above 1 . 4 ) is obtained by distilling KNO3 (or NaN03) with little H0SO4 
at high temperatures, in order to increase the reduction of HNO3 to N3O4. 
The saltpetre is generally mixed with a little starch-powder. 

At present attempts are being made from various standpoints to break 
with the old method of preparing nitric acid from saltpetre. Methods for 
obtaining HNO, from ammoma on the one hand and from the air on the other, 
have recently oecome more important than might have been expected. 
These attempts are justified, for in assuming the same increase of 
consumption of saltpetre as there has been up till now, it cannot 
be denied that the deposits of Chili saltpetre will be exhausted in less 
than 20 years' time. 

Ostwald’s method of obtaining HNO3 (Engl. Pat. 698, 1903) is to pass a 
mixture of ammonia and air over a red hot contact substance. The catalytic 
agent is finely divided platinum or some other platinum metal. In order to 
prevent overheating the contact substance, pure platinum- black should not 
be used but either platinum partly covered with platinum black, or only solid 
platinum. The mixture of air and ammonia may be obtained by bringing air 
into contact with a solution containing ammonia, the air passing in the opposite 
direction to the ammonia solution. The solution can be heated by utilizing 
in some practical way the heat generated by the catalytic reaction. Meanwhile 
other publications concerning Ostwald’s method have appeared: — The air 
supply should be very abundant, the temperature of reaction should be 
kept above 300® C, the gases should pass through the contact substance as 
rapidly as possible and, according to the principle of counter currents, should 
be warmed by those gases which have already passed the contact substance. 
Ihe apparatus consists of an open tube into one end of which the contact 
material is placed. This tube is inside a cylinder. The latter is supplied with 

opening (near the outlet for the gases from the apparatus) into which the 
gas mixture is conducted. The gas mixture is thus warmed in the tube which 
‘t at first surrounds and through which it finally passes. 

According to French Pat. 336229 the mixture of NH3 with air should be 
conducted over Fe203 or some other suitable oxide at 700® C. The N^05 
obtained is then converted into HNO, by HjO or into the corresponding 
mtrate by the use of some suitable oxide. 

otill more interesting and important than these two methods are the pro- 
by which HNO, is obtained from the air by electrical meaiu. For as 
and HNO3 ^ certain relation to one another, NHg will become 
scame wRen the supply of NaNOg runs short. A real solution of the 
problem is therefore only possible by making use of the inexhaustible resources 
of atmospheric nitrogen. 
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The principle of the method, to oxidize atmospheric nitrogen by electricity, 
has long been known, but it was believed that the current used was too large 
compared with the amount of HNO3 formed to make feasible a practical 
method. Recently, however, methods of this kind have been used in practice. 
At first the method of Bradley and Lovejoy which made use of the 
energy of the Niagara Falls was introduced. According to this method (Engl. 
Pat. 8230, 1901) HNO3 is produced in a mixture of equal parts of oxygen 
and nitrogen or simply in air at 80® C by electrical discharges. It is essential 
that the spark should have as large a surface as possible in relation to a small 
quantity of energy. According to Chem.*Ztg. 1903, Report. 152 a continuous 
current of 10 000 volts should be employed. The negative pole is formed by a 
perpendicular axis, bearing 6 ray-like arms at 33 points ; the positive poles are 
arranged on the circumference of an iron cylinder forming the reaction chamber. 
The axis revolves 500 times per minute making and breaking 414000 arcs in the 
same space of time. The rapid rotation of the axis together with a current of air 
forced through the cylinder under great pressure produces an intense cooling 
which prevents what would otherwise take place at a higher temperature, 
i. e. the dissociation of the HNO3 formed, so that the escaping air contains 
only 2 — 3 % of nitric oxide. As the experiments show that 15,5 H. P. hours 
are necessary to produce 1 kg nitric acid it was believed that this method 
would prove lucrative, at least when the power of the Niagara falls was utilized. 
This, however, was not so; the undertaking had no success and the product 
was more expensive than that obtained from the natural Chili saltpetre. 

Then Kowalski’s method became known (Amer. Pat. 754147) according to 
which atmospheric nitrogen is fixed by means of an alternating current of 
high voltage (up to 50 000 volts). This process also does not appear to be 
profitable, at least the trial station has ceased to work. 

The greatest hope may be set on a method put forward by two Norwegians, 
Birkeland and Eydk. It is protected by Amer. Pat. 772862 and 775123, 
Norweg. Pat. 13280 and 13240 (1903) Norweg. Pat. 14209 (1904) and numerous 
others. In connection with this interesting process the following account is 
taken from a paper by Witt (Prometheus XVII, 129 et seq., 149, 165). It has 
been known for some time that the arc of an alternating current of moderate 
E.M.F. under the influence of a magnetic field assumes the shape of a disc. 
The forces in the field are constantly attempting, so to speak, to blow out the 
flames^ as soon as they are formed. A series of flames passing in two directions 
is thus produced which unite, as far as the eye can detect to a quietly burning 
light. Birkeland and Eyde have found that this flame drawn or blo\v’n 
aside by the influence of the magnetic field has the property in a very high 
degree of fixing atmospheric nitrogen. In order to utilize this observation 
practically the flame disc of the alternating current is placed inside flat fire- 
proof clay ovens lined with copper, through which a powerful current of air 
is driven. In the apparatus used large flame discs of 2 m diameter arc formed, 
the normal consumption of energy being 500 kilowatts. The fixing of the 
atmospheric nitrogen is accomplished on account of the fact that in the 
electrified air (i. e. a mixture of unused 0 and N with scarcely 2 % nitric 
oxide) leaving the ovens, the nitric oxide is converted into nitrogen peroxide 
by the excess of oxygen. The gases are brought into contact with H2O, the 
peroxide gives HNO3 while fresh amounts of nitric oxide are liberated, which 
are then capable of forming more HNOo. The acid concentrates in the absorp* 
tion turrets to 50 % and is converted into calcium nitrate by neutralizing 
with limestone. The Ca(N03)2 is allowed to separate in iron receptacles and is 
then put on the market. At the present time in the Birkeland-Eyde 
near Notodden in Norway 1500 kg anhydrous HNO3 are produced 
The water power gives 1 HP. at about 12 shillings per annum; the ymi 
varies between 500 and 600 kg anhydrous HNO3 kilowatt-year. Ih® 
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Table of the S. G. of nitric acids of various concentrations at 15® C compared 
with HgO at 4®. (After Lunge and Rby.) 


S . ( J . 
15* 




100 weight parta 

contain 



1 lit . contains kg 




11 

1 B 

N ,0. 

HNO , 

acid 

acid 

acid 



acid 



(va- 


HM 

of 

of 

of 

N . O , 

HNO , 

of 

of 


cuuni) 





36* B6 

40* 

48.5* B6 



36* B6 

40* B6 

48.5* B6 

1. 000 

0 

0 

0.08 

0.10 

0.19 

0.16 

0.10 

0.001 

0.001 

0.002 

0.002 

0.001 

1.005 

0.7 

1 

0.86 

1.00 

1.89 

1.61 

1.03 

0.008 

0.010 

0.019 

0.016 

0.010 

1,010 

1.4 

2 

1.62 

1.90 

3.60 

3.07 

1.95 

0.016 

0.019 

0.036 

0.031 

0.019 

1.015 

2.1 

3 

2.39 

2.80 

5.30 

4.52 

2.87 

0.024 

0.028 

0.053 

0.045 

0.029 

1.020 

2.7 

4 

3.17 

3.70 

7.01 

5.98 

3.79 

0.033 

0.038 

0.072 

0.061 

0.039 

1.0-25 

3.4 

5 

3.94 

4.60 

8.71 

7.43 

4.72 

0.040 

0.047 

0.089 

0.076 

0.048 

1.030 

4.1 

0 

4.71 

6.50 

10.42 

8.88 

5.64 

0.049 

0.057 

0.108 

0.092 

0.058 

1.035 

4.7 

7 

6.47 

6.38 

12.08 

10.30 

6.54 

0.057 

0.066 

0.125 

0.107 

0.068 

1.040 

6.4 

8 

6.22 

7.26 

13.75 

11.72 

7.45 

0.064 

0.076 

0.142 

0.121 

0.077 

1.045 

6.0 

9 

6.97 

8.13 

15.40 

13.13 

8.34 

0.073 

0.085 

0.161 

0.137 

0.087 

1.050 

6.7 

10 

7.71 

8.99 

17.03 

14.62 

9.22 

0.081 

0.094 

0.178 

0.152 

0.096 

1.055 

7.4 

11 

8.43 

9.84 

18.64 

16.89 

10.09 

0.089 

0.104 

0.197 

0.168 

0.107 

1.060 

8.0 

12 

9.16 

10.68 

20.23 

17.25 

10.95 

0.097 

0.113 

0.214 

0.182 

0.116 

1.065 

8.7 

13 

9.87 

11.51 

21.80 

18.69 

11.81 

0.105 

0.123 

0.233 

0.198 

0.126 

1.070 

9.4 

14 

10.57 

12.33 

23.35 

19.91 

12.65 

0.113 

0.132 

0.250 

0.213 

0.135 

1.075 

10.0 

16 

11.27 

13.15 

24.91 

21.24 

13.49 

0.121 

0.141 

0.267 

0.228 

0.145 

1.080 

10.0 

16 

11.96 

13.95 

26.42 

22.53 

14.31 

0.129 

0.151 

0.286 

0.244 

0.166 

1.085 

11.2 

17 

12.64 

14.74 

27.92 

23.80 

15.12 

0.137 

0.160 

0.303 

0.268 

0.164- 

1.090 

11.9 

18 

13.31 

15.,53 

29.41 

25.08 

15.93 

0.145 

0.169 

0.320 

0.273 

0.173 

1.095 

12.4 

19 

13.99 

10.32 

80.91 

26.36 

16.74 

0.153 

0.179 

0.339 

0.289 

0.184 

I.IOO 

13.0 

20 

14.67 

17.11 

32.41 

27.63 

17.55 

0.161 

0.188 

0.356 

0.304 

0.193 


13.6 

21 

15.34 

17.89 

33.89 

28.89 

18.35 

0.170 

0.198 

0.375 

0.320 

0.203 

1.110 

14.2 

22 

16.00 

18.67 

35.36 

30.15 

19.15 

0.177 

0.207 

0.392 

0.335 

0.212 

1.115 

14.9 

23 

16.67 

19.45 

36.84 

31.41 

19.95 

0.186 

0.217 

0.411 

0.350 

0.223 

1.120 

15.4 

24 

17.34 

20.23 

38.31 

32.67 

20.75 

0.195 

0.227 

0.430 

0.366 

0.233 

1.1 2o 

16.0 

26 

18.00 

21.00 

39.77 

33.91 

21.54 

0.202 

0.236 

0.447 

0.381 

0.242 

1.130 

16.6 

26 

18.66 

21.77 

41.23 

35.16 

22.23 

0.21 1 

0.246 

0.466 

0.397 

0.262 

1.135 

17.1 

27 

19.32 

22.64 

42.69 

36.40 

23.12 

0.219 

0.256 

0.485 

0.413 

0.263 

1.140 

17.7 

28 

19.98 

23.31 

44.15 

37.65 

23.91 

0.228 

0.266 

0.504 

0.430 

0.273 

1.145 

18.3 

29 

20.64 

24.08 

45.61 

38.89 

24.70 

0.237 

0.276 

0.523 

0.446 

0.283 

1.150 

18.8 

30 

21.29 

24.84 

47.05 

40.12 

25.48 

0.245 

0.286 

0.542 

0.462 

0.293 

1.155 

19.3 

31 

21,94 

25.60 

48.49 

41.35 

26.26 

0.254 

0.296 

0.661 

0.478 

0.304 

1.160 

19.8 

32 

22.60 

26.36 

49.92 

42.57 

27.04 

0.262 

0.306 

0.680 

0.494 

0.314 

1. 165 

20.3 

33 

23.26 

27.12 

51.36 

43.80 

27.82 

0.271 

0.316 

0.598 

0.610 

0.324 

*1/0 

20.9 

34 

23.90 

27.88 

52.80 

45.03 

28.69 

1 0.279 

0.326 

0.617 

0.526 

0.334 

1 . 1 75 

21.4 

36 

24.64 

28.63 

54.22 

46.24 

29.36 

0.288 

0.336 

0.636 

0.543 

0.345 

1.180 

22.0 

36 

26.18 

29.38 

66.64 

47.45 

30.13 

0.297 

0.347 

0.657 

0.560 

0.356 


22.6 

37 

26.83 

30,13 

67.07 

48.66 

30.90 

0.306 

0.357 

0.676 

0.677 

0.366 


23.0 

38 

26.47 

30.88 

58.49 

49.87 

31.67 

0.315 

0.367 

0.695 

0.693 

0.376 


23.5 

39 

27.10 

31.62 

59.89 

51.07 

32.43 

0.324 

0.378 

0.715 

0.610 

0.388 


24.0 

40 

27.74 

32.36 

61.29 

52.26 

33.19 

0.333 

0.388 

0.735 

0.627 

0.398 


24.5 

41 

28.36 

33.09 

62.67 

53.23 

33.94 

0.342 

0.399 

0.765 

0.644 

0.409 

1.215 

1.220 

1.225 

1.230 

25.0 
25.5 

26.0 
26.4 

42 

43 

44 

46 

28.99 

29.61 

30.24 

30.88 

33.82 

34.55 

36.28 

36,03 

64.06 

65.44 

66.82 

68.24 

64.21 

56.18 

66.16 

67.64 

34.69 

35.44 

36.18 

36.96 

0.351 

0.360 

0.369 

0.378 

0.409 

0.420 

0.430 

0.441 

0.775 

0.796 

0.815 

0.835 

0.661 

0.678 

0.696 

0.712 

0.419 

0.431 

0.441 

0.462 


26.9 

46 

31.63 

36.78 

69.66 

69.13 

37.72 

0.387 

0.452 

0.856 

0.730 

0.466 


27.4 

47 

32.17 

37.63 

71.08 

60.61 

38.49 

0.397 

0.463 

0.877 

0.748 

0.476 

1.245 

27.9 

48 

32.82 

38.29 

72.62 

61.84 

39.27 

0.407 

0.476 

0.900 

0.767 

0.487 

1.250 

28.4 

49 

33.47 

39.06 

73.96 

63.07 

40.06 

0.417 

0.486 

0.921 

0.786 

0.498 

1.255 

28.8 

60 

34.13 

39.82 

75.42 

64.31 

40.84 

0.427 

0.498 

0.943 

0.804 

0.611 

1.260 

29.3 

61 

34.78 

40.68 

76.86 

66.64 

41.62 

0.437 

0.609 

0.966 

0.822 

0.622 

29.7 

62 

36.44 

41.34 

78.30 

66.76 

42.40 

0.447 

0.621 

0.987 

0.841 

0.534 
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8. G. 

, 15* 
at — 

(va- 

cuum) 

Beaum6 

Degrees 


100 weight parts contain 


1 lit. contains kg 


^ S’ 
HH 

N,0, 

HNO, 

acid 

of 

36« B6 

acid 

of 

40»B6 

acid 

of 

48.5* B 6 

N.O, 

HNO, 

acid 

of 

36* B^ 

acid 

of 

40* 

acid 

of 

1.266 

30.2 

63 

36.09 

42.10 

79.74 

67.99 

43.18 

0.467 

0.633 

1.009 

0.860 

0.547 

1.270 

30.6 

64 

36.75 

42.87 

81.20 

69.23 

43.97 

0.467 

0.644 

1.031 

0.879 

0.558 

1.276 

31.1 

55 

37.41 

43.64 

82.65 

70.48 

44.76 

0.477 

0.556 

1.054 

0.898 

0.570 

1.280 

31.5 

66 

38.07 

44.41 

84.11 

71.72 

45.66 

0.487 

0.668 

1.077 

0.918 

0.583 

1.286 

32.0 

67 

38.73 

45.18 

86.57 

72.96 

46.34 

0.498 

0.681 

1.100 

0.938 

0.5% 

1.290 

32.4 

68 

39.39 

46.95 

87.03 

74.21 

47.13 

0.608 

0.593 

1.123 

0.957 

0.608 

1.295 

32.8 

69 

40.06 

46.72 

88.48 

75.45 

47.92 

0.519 

0.605 

1.146 

0.977 

0.621 

1.300 

33.3 

60 

40.71 

47.49 

89.94 

76.70 

48.71 

0.529 

0.617 

1.169 

0.997 

t).63.3 

1.306 

33.7 

61 

41.37 

48.26 

91.40 

77.94 

49.50 

0.540 

0.630 

1.193 

1.017 

0.64(1 

1.310 

34.2 

62 

42,06 

49.07 

92,94 

79.25 

60.33 

0.551 

0.643 

1.218 

1.038 

0.65(1 

1.316 

34.6 

63 

42.76 

49.89 

94.49 

80.67 

61.17 

0.662 

0.666 

1.243 

1.0.59 

0.673 

1.320 

35.0 

64 

43.47 

50.71 

96.05 

81.90 

52.01 

0.573 

0.669 

1.268 

1.080 

0.686 

1.325 

35.4 

65 

44.17 

61.63 

97.60 

83.22 

52.85 

0.585 

0.683 

1.294 

1.103 

0,701 

1.330 

35.8 

66 

44.89 

62.37 

99.19 

84.68 

63.71 

0.697 

0.697 

1.320 

1.126 

0.715 

1.3326 

36.0 

66.5 

45.26 

52.80 

100.00 

85.27 

54.15 

0.603 

0.704 

1.333 

1.137 

0.722 

1.335 

36.2 

67 

45.62 

63.22 

100.80 

85.95 

64.58 

0.609 

0.710 

1.340 

1.148 

0.728 

1.340 

36.6 

68 

46.36 

64.07 

102.41 

87.32 

65.46 

0.621 

0.725 

1.373 

1.171 

0.744 

1.346 

37.0 

69 

47.08 

54.93 

104.04 

88.71 

56.34 

0.633 

0.739 

1.400 

1.193 

0.758 

1.350 

37.4 

70 

47.82 

55.79 

105.67 

90.10 

57.22 

0.645 

0.753 

1.427 

1.216 

0.772 

1.366 

37.8 

71 

48.57 

56.66 

107.31 

91.51 

58.11 

0.668 

0.768 

1.455 

1.240 

0,788 

1.300 

38.2 

72 

49.35 

57.57 

109.03 

92.97 

59.05 

0.671 

0.783 

1.483 

1.265 

0.803 

1.365 

38.6 

73 

50,13 

68.48 

110.75 

94.44 

69.98 

0.684 

0.798 

1.513 

1.289 

0.818 

1.370 

39.0 

74 

50.91 

59.39 

112.48 

95.91 

60.91 

0.698 

0.814 

1.543 

1.314 

0.835 

1.376 

39.4 

75 

51.69 

60.30 

114.20 

97.38 

61.85 

0.711 

0.829 

1.573 

1..339 

0.850 

1.380 

39.8 

76 

52.52 

61.27 

116.04 

98.95 

62.84 

0.725 

0.846 

1.603 

1.366 

0.868 

1.3833 

40.0 

76.7 

53.08 

61.92 

117.27 

100.00 

63.61 

0.735 

0.857 

1.623 

1.383 

0.87!» 

1.385 

40.1 

77 

63.35 

62.24 

117.88 

100.61 

63.84 

0.739 

0.862 

1.633 

1.392 

0.884 

1.390 

40.6 

78 

54.20 

63.23 

119.75 

102.12 

64.85 

0.753 

0.879 

1.665 

1.420 

0.902 

1.395 

40.8 

79 

55.07 

64.25 

121.68 

103.76 

65.90 

0.768 

0.896 

1.697 

1.447 

0.91(1 

1.400 

41.2 

80 

55.97 

65.30 

12,3.67 

105.46 

66.97 

0.783 

0.914 

1.731 

1.476 

0.937 

1.405 

41.6 

81 

56.92 

66.40 

125.75 

107.24 

68.10 

0.800 

0.933 

1.767 

1..507 

0,957 

1.410 

42.0 

82 

57.86 ‘ 

67.50 

127.84 

109.01 

69.23 

0.816 

0.952 

1.803 

1.537 

0,976 

1.415 

42.3 

83 

58.83 

68.63 

129.98 

110.84 

70.39 

0.832 

0.971 

1.839 

1.568 

0.996 

1.420 

42.7 

84 

59.83 

69.80 

132.19 

112.73 

71.69 

0.849 

0.991 

1.877 

1.600 

1.016 

1.425 

43.1 

85 

60.84 

70.98 

134.43 

114.63 

72.80 

0.867 

1.011 

1.915 

1.633 

1.037 

1.4.30 

43.4 

86 

61.86 

72.17 

130.68 

116.55 

74.02 

0.886 

1.0.32 

1.955 

1.667 

1.058 

1.435 

43.8 

87 

62.91 

73.39 

138.99 

118..52 

76.27 

0.903 

1.053 

1.996 

1.701 

1.080 

1.440 

44,1 

88 

64.01 

74.68 

141.44 

120.61 

76.59 

0.921 

1.075 

2.037 

1.736 

1.103 

1.445 

44.4 

89 

65.13 

75.98 

143.90 

122.71 

77.93 

0.941 

1.098 

2.080 

1.773 

1.126 

1.460 

44.8 

90 

66.24 

77.28 

146.36 

124.81 

79.26 

0.961 

1.121 

2.123 

1.810 

1.150 

1.455 

45.1 

91 

67.38 

78.60 

148.86 

126.94 

80.62 

0.981 

1.144 

2.167 

1.848 

1.173 

1.460 

46.4 

92 

68.56 

79.98 

161.47 

129.17 

82.03 

1.001 

1.108 

2.212 

1.886 

1.198 

1 0*7i 

1.466 

46.8 

93 

69.79 

81.42 

154.20 

131.49 

83.61 

1.023 

1.193 

2.259 

1.927 

1 O Tv A 

1.470 

46.1 

94 

71.06 

82.90 

167.00 

133.88 1 

85.03 

1.046 

1.219 

2.309 

1.969 

1.2.)0 

1 .ITS 

1.476 

46.4 

95 

72.39 

84.46 

159.94 

136.39 

86.62 

1.068 

1.246 

2.360 

2.012 

1.2 (S 

1.480 

46.8 

96 

73.76 

86.05 

162.97 

138.97 

88.26 

1.092 

1.274 

2.413 

2.058 

1.307 

1 Q'll 

1,485 

47.1 

97 

75.18 

87.70 

166.09 

141.63 

89.96 

1.116 

1.302 

2.466 

2.103 


1.490 

47.4 

98 

76.80 

89.60 

169.69 

144.70 

91.90 

1.144 

1.335 

2.528 

2.156 

J .Oul' 

1.495 

47.8 

99 

78.52 

91.60 

173.48 

147.93 

93.95 

1.174 

1.369 

2.693 

2.211 

1 447 

1.600 

48.1 

100 

80.65 

94.09 

178.19 

151.96 

96.50 

1.210 

1.411 

2.672 

2.278 

1 456 

1.601 

48.2 

100.2 

81.09 

94,60 

179.16 

152.78 

97.03 

1.217 

1.420 

2.689 

2.293 


1.502 

48.3 

100.4 

81.50 

95.08 

180.07 

163.56 

97.62 

1.224 

1.428 

2.704 

2.306 

1.473 

1.603 

48.6 

100.6 

81.91 

95.65 

180.96 

154.31 

98.00 

1.231 

1.436 

2.720 

2.319 

1 48l 

1.604 

48.3 

100.8 

82.29 

96.00 

181.81 

156.04 

98.46 

1.238 

1.444 

2.735 

2.332 

1.488 

1.505 

48.4 

101 

82.63 

96.39 

182.55 

165.67 

98.86 

1.244 

1.451 

2.748 

2.343 

1.494 

1.606 

48.4 

101.2 

82.91 

96.76 

183.25 

156.27 

99.27 

1.249 

1.467 

2.769 

2.353 
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S. u- 
15’ 

r^) 

11 

PQQ 

TwadeU 

Degrees 

100 weight parts contain j 

1 lit. contains kg 

NtO. 

HNO, 

acid 

of 

36* B6 

aeid 

of 

40* B4 

acid 

of 

48.5* B6 

N.O, 

HNO, 

acid 

of 

36* B6 

acid 

of 

40* M 

acid 

of 

43.5* B6 

L507 

48.5 

101.4 

83.26 

97.13 

183.96 

166.86 

99.62 

1.265 

1.464 

2.773 

2.364 

1.502 

1 508 

48.5 

101.6 

83.68 

97.60 

184.66 

167.47 

100.00 

1.260 

1.470 

2.784 

2.374 

1.508 

1 509 

48.0 

101.8 

83.87 

97.84 

185.30 

168.01 

100.35 

1.265 

1.476 

2.795 

2.384 

1.514 

1.510 

48.7 

102 

84.09 

98.10 

185.79 

168.43 

100.62 

1.270 

1.481 

2.806 

2.392 

1.519 

1.511 

48.8 

102.2 

84.28 

98.32 

186.21 

168.79 

100.84 

1.274 

1.486 

2.814 

2.400 

1.524 

1.512 

48.8 

102.4 

84.46 

98.63 

186.61 

160.13 

101.06 

1.277 

1.490 

2.822 

2.406 

1.628 

1.5 1:1 

48.9 1 

102.6 

84.63 

98.73 

186.98 

159.45 

101.26 

1.280 

1.494 

2.829 

2.413 

1.532 

1.514 

48.9 1 

102.8 

84.78 

98.90 

187.30 

159.72 

101.44 

1.283 

1.497 

2.836 

2.418 

1.536 

1.515 

49.0 

103 

84.92 

99.07 

187.63 

160.00 

101.61 

1.287 

1.501 

2.843 

2.424 

1.639 

1.51(1 

49.1 

103.2 

85.04 

99.21 

187.89 

160.22 

101.75 

1.289 

1.604 

2.848 

2.429 

1.543 

1.517 

49.2 

103.4 

85.16 

99.34 

188.14 

160.43 

101.89 

1.292 

1.507 

2.854 

2.434 

1.546 

1,518 

49.2 , 

103.6 

86.26 

99.46 

188.37 

160.63 

102.01 

1.294 

1.510 

2.860 

2.439 

1.549 

1,519 

49.3 1 

103.8 

85.35 

99.67 

188.58 

160.81 

102.12 

1.296 

1.512 

2.864 

2.442 

1.551 

1,520 

49.4 1 

104 

86.44 

99.67 

188.77 

160.97 

102.23 

1.299 

1.515 

2.869 

2.447 

1.554 


cost of production is such that the product shows a considerable profit when 
compared with the prices of Chili saltpetre as a standard. Atmospheric 
nitrogen may also be obtained in the form of nitrites by means of this process. 
See also Germ. Pat. 180691, 182297, 182849, 184958, 185094, 186454 and 
French Pat. 374237. 

Other methods of obtaining nitric acid in a novel manner may be omitted 
here as they have no practical value. 

Pure HNOg is a clear, fuming, strongly corrosive liquid with a strong 
smell. Originally as clear as water it becomes yellow by the action of light. 
The monohydrato boils at 86 ^^; with partial decomposition into N 2 O 4 and 0 
so that the boiling point rises to 126® where it remains constant. The distillate 
is 2 HNOa-fSH^O. 

The red fuming nitric acid has a S. G. above 1.4 (usually 1.5); its density 
differs from that of the colourless HN ()3 in quite an unaccountable way. 
Accjording to Lunge and Marchlewski the following corrections for S. G. 
should be observed for HNO3 containing N2O4 in the case of acids of specific 
gravity 1.496 (at 15®/4®); the figures following the percentage of N 2 O 4 given 
in the following table should be subtracted in order to find the S. G. of the 
actually present. 


NC, 

7, 

Increase 
of S. G due 
to N.O, 

N,04 

7. 

Increase 
of S. G. due 
to N,0, 

NjO, 

7, 

Increase 
of S. G. due 
to N, 0 * 

NtO, 

7. 

Increase 
of S. G. due 
to N.O 4 

N,04 

7. 

Increase 
of S. G. due 
to N,0« 

0.25 

0.00050 

3.00 

0.01800 

6.60 

0.03600 

8.00 

0.05326 

10.50 

0.06975 

0.50 

0.00076 

3.25 

0.01985 

6.76 

0.03776 

8.25 

0.05500 

10.75 

0.07135 

0.75 

0.00160 

3.60 

0.02165 

6,00 

0.03950 

8.50 

0.05660 

11.00 

0.07300 

1.00 

0.00300 

3.76 

0.02350 

6.25 

0.04175 

8.75 

0.06825 

11.25 

0.07460 

1.25 

0.00476 

4.00 

0.02525 

6.60 

0.04300 

9.00 1 

0.06000 

11.50 i 

0.07600 

1.50 

0.00675 

4.26 

0.02690 

6.75 

0.04475 

9.26 

0.06160 

11.76 

0.07760 

1.75 

S 0.00776 

4.60 

0.02876 

7.00 1 

0.04660 

9.60 1 

0.06326 

12.00 

0.07860 

2.00 

0.01050 

4.76 

0.03050 

7.26 

0.04720 

9.76 1 

0.06600 

12.25 

0.08050 

2.25 

0.01260 

6.00 

0.03225 

7.60 

0.05000 

10.00 

0.06600 

22.50 

0.08200 

2.50 

2.75 

0.01425 

0.01626 

6.25 

0.03366 

7.76 

0.06166 

10.26 

0.06816 

12.75 

0.08350 


is used in making H 2 SO 4 , for colouring copper alloys (yellow) for 
^tration, preparation of tar colours and explosives and many other technical 
purposes. 
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Nitrites. 


Nitric acid Plants of Earthenware: 

Westdeutache Steinzeug-, Chamotte- und Dinaawerke G. in, b. H., Easkirchen, Rheinlanj 
(Germany) (see front part advt. p.). 

Earthenware-condensing vessels for nitric acid: 

Fr. Chr. rikontschor, Zwickau Sa., Germany (see front part advt.). 


Nitrites see under the respective metals. 


Nitrobenzaldehyde. CgH^tNO^l-CHO. o-nitrobenzaldehyde is of importance 
in the synthesis of indigo. It may be produced by the oxidation of 
o-nitrocinnamic acid with KMn04. usually prepared, by a patented 

method, from o-nitrobenzylchloride CqH 4(N02) . CH2CI, by converting this 
into the sulphonic acid, separating nitrobenzylalcohol C8H4(OH) . CH., . OH 
and oxidizing the latter to nitrobenzaldehyde. o-nitrobenzylchloride is 
obtained from o-nitro toluene by chlorinating the side chain. For further 
details see “Indigo colours”. The French Pat. 330524 for producing o-nitro 
benzaldehyde from monochlorbenzene is certain to have no practical im- 
portance. It is as follows: — 

^ . 80,H C6H3{N02)C1 . S03H(2 : 1 : 4) 


Nitrobenzene. CgHg . NOo. Obtained by nitrating benzene, according to 
the equation: 

f HNO3 - Cells . NO2 -f- H2O. 

The nitration is done by nitrating acid (see “Nitration”); 100 kg benzene, 
120 kg HNO3 of 42® Be and 180 kg H2SO4 of 66® are taken. The reaction 
is carried out in iron or earthenware vessels, surrounded by a jacket cooled 
with water. The mixing of benzene and nitrating acid is done by stirrers 
and a thermometer is also provided. While the first % of the nitrating acid 
is added to the benzene the temperature must not rise above 25® C; steam is 
then allowed to enter the jacket, until a temperature of -j- 70 ®C is reached in the 
nitrating vessel. The addition of the acid for the nitration of 100 kg benzene 
takes about 10 hours; after that the stirrers continue to work for another 
6 hours. Finally the mixture is run into another vessel from which it is forced 
into an elevated reservoir, conical below. The nitrobenzene collects at the top 
and the waste acid at the bottom. The latter is tapped off from below, the 
nitrobenzene is freed from adhering acid particles by repeated washing and 
finally distilled in a current of steam. Further refining removes unchanged 
benzene. The purity of the product depends upon that of the benzene used. 
Commercially a distinction is drawn between light nitrobenzene (almost pure) 
and heavy nitrobenzene (a mixture of nitro-benzene with the higher homo- 
logues). The B. P. of the latter is between 200® and 240® C. S. G. (at 15® 0 
is about 1.18. 

Pure nitrobenzene is a colourless strongly refracting liquid with a smell of 
bitter almonds ; it is poisonous, insoluble in H2O, and solidifies to a crystalline 
masa on cooling; it mixes in any proportion with alcohol, ether and benzene. 
S. G. (at 15® C) 1.209; M. P. -f- 3®; B. P. 205®. 

It is the most important crude material in the manufacture of aniline (q- v-), 
of quinoline, benzidine, azobenzene, &c. In perfumery it is used as a su > 
stitute for oil of bitter almonds. It is also of importance for explosive purpose.^. 

Test. In testing the commercial article the B. P. is of great importance^ 
nitrobenzene used for the manufacture of blue oils should distil almos 



Nitrobenzoic acids. 


463 


completely within one degree while for other purposes variations between 
204.5—208 are allowable. Of the quantitative composition and the B P 
of heavy nitro benzenes nothing definite can be said. 

Nitrobenzene Rectifying apparatus: 

Friedrich Heckmarin, Berlin SO. 16, Briickenstr. 6b (see advta.). 

Nitrobenzoic acids see “Benzoic acid'". 

Nitrocellulose. When cellulose is nitrated (see “Nitrating”) either dinitro- 
cellulose (collodion wool) or trinitroccllulose is formed, the product depending 
upon the strength. The latter is sometimes regarded a.s hexanitrocellulose and 
known as Gun cotton. 

For details see the articles on “Celluloid”. ^^Collodion”, “Gun cotton” 
and 8 ilk, artificial . In the last named article, and under “Nitration” 
methods for rendering nitrocellulose non-inflammable and incombustible are 
discussed. 


^ Nitro compounds see “Nitration”, “Nitr.vnilink”, “Nitrobenzaldehyde” 
“Nitrobenzene”, “Dinitrobenzene”, “Nitropiienols”, “Nitrotoluene” 
,,I)initrotoluene”, “Trinitrotoluene”, “Nitroglycerine” “Nitro- 
napiithalene”, “Collodion”, “Gun cotton”, “Picric acid” ' “Propioiic 

.\crD . ^ 


Nitro dyestuffs. A class of dyestuffs containing the nitro group NO, as 
chromophore; more than one NO2 group is often pre.sent. The hydroiyi gioup 
tm, and sometimes the imido group NH arc frequently present as salt forming 
raaicals. All colours of this group have an acid character and give yellow 
shades. It should be remarked that all nitroderivates of amines and phenols 
(especially of the latter) exhibit more or less marked dyeing properties. The 
oldest known nitro-colour — and at the same time the oldest known tar- 
co our-— IS picric acid (q. v.). Besides this should be mentioned Martius yellow 
Manchester yellow), (Na-, NH^- or Ca-salt of dinitro a-naph- 
, ‘ .^^2 • NO2 = 1:2:4) originally obtained from a-naphthylamine 

oy diazotizmg and then treating with HNO3. l^ater it was shewn to be formed 
irom a-naphthol sulphonic acid and nitric acid; Now a-naphthol is dissolved 
fn H.2SO4, and nitrated by warming the solution with HNOo 

liV 1 ^ 11 diluted and converted into the sodium salt. The crysta- 

zea alkali salts of dinitro a-naphthol are yellow to orange in colour and 
> solve more or less readily in water. Alkali salt of the ;?-sulphonic acid of 
^ market under the name Naphtbol yellow (Acid 


/?* Atomic weight = 14.04. Colourless gas, odourless and 

— ~ 0.9713; S. G. (H = 1) 13.98. Cntical temperature 

mnrr., cntical pressure 3.5 atm.; B. P. of liquid nitiogen under 760 mm 
redn ~ 194.40 C; S. G. at this temperatuie (HgO = 1) is 0.885. By 

— 1 pressure to 60 mm mercury, liquid nitrogen may be cooled to 
^140 when It becomes solid. 

inert element is usually obtained from the air, which is 
is 1?* and from water vapour by H2SO4. Finally the oxygen 

hof alkaline pyrogallic acid solution or by conducting it over red 

are I'® Germ. Pat. 134134 oxygen and nitrogen 

air means of potassium manganate; by conducting 

steam alternately over the manganate, the O of air is absorbed so 
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that N alone remains. We cannot discuss the details of this method, which 
does not appear very promising. ' 

N is obtained pure from ammonium nitrite NH4.NO2; the dry salt is 
either heated, or a concentrated aqueous solution of potassium nitrite is heated 
with sal ammoniac; in the latter case it is well to add a little potassium hi- 
chromate. According to v. Knobrb it is better to heat a solution of one 
part potassium nitrite, 1 — 2 parts ammonium sulphate, and 1 part neutral 
potassium chromate; the nitrogen developed is washed by dilute 112^0^ or 
better still by a mixture of KgCrgO^ and H2SO4. 

Knietsch (paper read at the V. Intern. Congr. for Applied Chem., Berlin, 
1903) recommends the following method of preparing pure nitrogen: A mixture 
of air and hydrogen is conducted over platinized asbestos; when the 0 is 
separated as HgO and then over heated CuO, when the excess of H is also 
removed as H2O. 

It is dangerous to prepare N by passing Cl into aqueous ammonia, as with 
excess of Cl, nitrogen cliloride, a violent explosive, is formed. 

For Pictet’s method of separating atmospheric air into nitrogen and oxygen 
by thermo -mechanical means, see “Oxygen”. 

The methods for making use of atmospheric nitrogen are mentioned in the 
articles on “Ammonia”, “Calcium cyanamide” under “Calcium coMroiiNDs”, 
“nitric acid”. 

Nitrogen compounds. The most important industrially are ammonia and 
nitric acid; both are treated in special articles. Nitrates and nitritis 
see under the respective metallic compounds. Ethyl nitrite iiiKhr 
“Ethyl compounds”. See also “Nitroglycerine”, “Collodion ", 
“Picric acid”, &c. 

Nitroglycerine. (Nobei/s explosive oil; trinitroglycerine, trinitriru'). 
C3H5(0 . NOglg. It is obtained by nitrating glycerine with nitrating m id 
(nitrosulphonic acid). The glycerine should be of at least 30® Be (i. c. S. B. 
1.2505) and as pure as possible. The HNO3 should have a S. G. 1.485 -1.500 
and not contain more than 1 % nitrous acid. The H2SO4 must be as pure 
possible and of 8. G. 1.845. IB)! 100 kg glycerine an acid mixture of 450 kg 
H2SO4 and 250 kg HNO3 is used; it is mixed in stirring vessels, passed thnnigh 
a cooling box into a vessed from which it is forced by compressed air into 
nitrating vessels. These consist of a lead vessel surrounded by a wooden 
cooling vat containing cooling coils. During the process of nitration H.,0 w 
allowed to run through the coils as well as through the space between the 
lead and wooden vessels. The glycerine under pressure drops into the cooled 
acid mixture passing through to the bottom of the nitrating vessel. It is im- 
portant that the glycerine should be continuously and thoroughly mi.Mo 
with the acids; this is best effected by blowing in dry air by injectors. DiiriniZ 
nitration which lasts about one hour, the temperature in the nitrating vesse 
must not rise above 30® C. 

Formerly the nitroglycerine formed was separated from the acids by allo^v 
ing water to run through. As by this method the acids are wasted the wlio c 
substance is now placed in lead vessels the sides of which converge tow an ^ 
the bottom ; the acids collect at the bottom and can be run off. After this u is 
stirred repeatedly with water by means of injected compressed air. 
it is washed with soda solution until the acid reaction disappears, when 1 1^ 
filtered through felt to remove the slimy and muddy impurities. By pulBi ^ 
a layer of common salt on the felt the water held in emulsion by the 
is held back. The nitrous gases leaving the nitrating vessel are conduc e 
to an absorption tower. 
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\ccording to Amer. Pat. 841886 nitroglycerine can be obtained by the 
action of a mixture of Nordhausen sulphuric acid and fuming HNO3. In this 
process the proportion of HNO3 to H2SO4 is much greater than usual. 

^ According to Germ. Pat. 183183 glycerine is drawn through the nitrating 
acid in the form of a spray. 

Germ. Pat. 181489 has for its object the quicker separation of the glycerine. 
This is attained by the addition of some substance (preferably an alkali 
fluoride) to the acids and to the glycerines, so that any emulsion or colloidal 
matter that may be formed is redissolved. 

From 100 kg glycerine 200 — 205 kg pure nitroglycerine (theoretically 
246,74 kg) are obtained. It is a colourless or very slightly yellow oil, odourless, 
of sweetish taste, very poisonous. S. G. 1,6; it is not easily soluble in HgO 
though very readily in alcohol and ether. At — 15® C nitroglycerine becomes 
viscous without solidifying, while at temperatures between +8® and — 11® 
it crystallizes in long needles. It explodes by pressure or detonation (for in- 
stance by mercury fulminate) and also on heating to 250® C. On explosion 
it decomposes as follows : 

2 C3H6(0N02)3 = 6 CO2 + 6 N -f 5 H2O h 0. 

I litre nitroglycerine yields 1298 litres of gas, which expand to 10 400 litres 
at the moment of explosion (Guttmann). Frozen nitroglyccirinc explodes 
less readily than liquid; impure products are usually very dangerous. It 
is used to make dynamites (q. v.), smokeless powder (see “Gun powder”), 
and occasionally it is used medicinally. 

French Pat. 341911 and Engl. Pat. 8041 of 1904 are remarkable in attempt- 
ing to produce dinitroglycerine and dinitroglyccrinc explosives. Guttmann 
writes as follows (Chem. Zeitschr. IV, 175). Dinitroglycerine is said to be much 
more stable than trinitroglycerine, less sensitive to mechanical effects and heat 
and no explosion is said to have occurred by ignition. Mixed with trinitro- 
glycicrine it is said to render the latter less dangerous. Its preparation is 
said to be without danger, and decomposition of even considerable quantities 
causes no explosion. It practically never freezes, and when added to trinitro- 
glycerine depresses the freezing point of the latter, e. g. a mixture of 60 % 
dinitroglycerine and 40 % trinitroglyccrine does not freeze. As dinitroglycerine 
does not contain sufficient oxygen to combine with the carbon, and trinitro- 
glycerine contains too much, a proper mixture of the two should produce 
a product which is stronger than trinitroglycerine. Powder made with di- 
nitroglycerine evolves less heat and the gases are developed more slowly, 
pinitroglycerine not only dissolves readily in trinitroglycerine, but a mixture 
in any proportions may be made. Dinitroglycerine gelatinizes as easily as 
tnnitroglycerine. Dinitroglycerine is produced by cooling and mixing 10 parts 
py weight glycerine of S. G. 1.262 with 33 parts HNO3 of S. G. 1.50. The HNO3 
w allowed to run slowly into the glycerine, stirring all the while. If necessary 
this is allowed to stand for several hours at 10® C until the mononitroglycerino 
at first formed is converted into dinitroglycerine. The mixture is then diluted 
^inth 10 parts cold water and the UNO, neutralized by suitable means, for 
instance with CaCOg, until the solution has a density of 1.58. The dinitro- 
glycerine rises to the top and can easily be taken up, purified and dried. The 
residue of dinitroglycerine in the lye is extracted with ether. The dinitro- 
glynerine obtained is easily soluble in H2O and can therefore be obtained 
perfectly pure by evaporation or fractional distillation. Its N-contents are 
neoretically 15.38 %, and analysis demonstrates on an average 15.35 %. 
y a suitable mixture of HNO« and HjSO^ any proportions of di- and tri- 
nitroglycerine may be obtainea. The concentration and relative amounts 
^1 the acids, the temperature and time of nitrating have an important in- 
uence — . Dinitroglycerine alone is probably not capable of use as an explosive 
Bliicher. 30 
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as it contains too little oxygen (2 atoms) for complete combustion. On the 
other hand it should find employment in explosives as well as powders in 
consequence of its property of depressing the freezing point of trinitroglycerine 
and its influence on the ignition point. In the former case the necessary 0 could 
be produced by suitable additions; as, however, dinitroglycerine is not only 
soluble in HgO but is also said to be hygroscopic difficulties both for its use ili 
explosives and in powders will probably have to be faced. 

Nitroglycerine : 

Westfaliach'Anhaltiache Spreagstoff-A.-G., Berlin W. 9. 

Nitronaphthalenes. CiqH, . NO-. The only one of importance is a-mono- 
nitronaphthaleno ; it is produced from naphthalene by nitration, the process 
being similar to that used in the manufacture of nitrobenzene. 10 parts 
naphthalene, 8 parts HNOj (S. G. 1.4) and 10 parts H 2 SO 4 (S. O. 1.84) 
arc used. The temperature of the mixture is gradually raised to 70® (1 and 
kept there for 6 hours after the last naphthalene has been added. At the same 
temperature also the fused a*nitronaphthalene is separated from the waste acid, 
washed several times with boiling HgO and then run into cold HgO with con- 
tinual stirring where it solidifies in a granular form. It forms bright yellow 
crystals, insoluble in HgO, readily soluble in benzene, carbon disulphide and 
hot alcohol. M. P. 61®. It is used in the preparation of a-naphthylamine 
(q. V.) and to remove the phosphorescence from oil. 

Nitrophenols. Since benzene beeanu^ cheap it has been largely used for 
making nitrophenols. It is converted into chlorbenzene and the latter is 
nitrated. By systematic fractionation in vacuo {patented method) the products 
of nitration, 0 - and p-nitrochlorobenzene are separated from each other. 
From thevS {5 derivatives the widely used o- and p-nitrophcnols are easily 
obtained. 

Nitroso dyestuffs ( Quinonoxime dyestuffs). A class of synthetic coal-tar 
colours, obtained by the action of nitrous acid on phenols. 

They contain the group ^ which is to be regarded as derived l»y 

substituting an oxygen atom in a quinone by the oximido group. The dyestuffs 
are the result of the action of nitrous acid on phenols and are chiefly used to 
producegreen colouron metallic mordants. So for instance solid green (dinitroso 
resorcine), obtained by the action of nitrous acid on resorcinc, is used to oyc 
wool dark green on an iron mordant. 

Nitro starch. According to the Amer. Pat. 779421 a stable nitrated starch 
is obtained if the nitro starch after nitration is separated from the acids and 
boiled with H^O and CaCOg. A second patent (Amer. Pat. 779422) recommends 
dissolving the nitrated starch in a mixture of alcohol and acetone ; the acetone 
is then evaporated off and the nitro starch freed from alcohol. 

Nitrotoluenes. CeH 4 (N 02 ) . CHj. Of the three isomers only o- and p nitnv 
toluene are used; they are both obtained by the nitration of toluene, in vary ing 
proportions depending on the kind of acid used for nitration. The preparatio^ 
18 similar to that of nitrobenzene (q.v.); strong cooling at the out-set is essentia^ 
In order to separate the isomers the mixture of both is distilled under r^uuct 
pressure using a column apparatus over a free flame. If 40 % of the 
nitrotoluene mixture used is driven off the distillate consists of practioa , 
pure o-nitrotoluene, while from the remainder on cooling almost pure p-ui 
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toluene separates. The latter is freed from the mother liquor by suction and 
pressure. 

According to Germ. Pat. 168219 commercial o-nitrotoluene is freed from 
the p- and m-compounds by allowing the crude product to crystallize partiaUv 
at a temperature between - 4« and - 10». xfie crystals obtained consist of 
pure o-nitrotoluene; they are separated from the stUl liquor impurities bv 
means of a centrifuge placed in a room cooled to — 40 C 
Commercial nitrotoluene (also known as very heavy nitrobenzene) contains 
more o- than p-nitrotoluene ; it is said to have a S. G. of 1.167 and to distil 
between 220 and 240° C. 

Pure o-nitrotoluene is a yellowish liquid. S. G. (at 23 5") 1 162- BP 
223<’. The determination of the B. P. is a test of its purity. - • • 

Pure p-nitrotoluene forms colourless crystals (prisms)' M. P. 54®* B P 
2.)()®. The determination of the M. P. is a test of its purity. 

m nitrotoluene, hardly used at all commercially, is obtained from m-nitro- 
p toluidine. The o- and p-compound are used in the preparation of toluidine 
tolidme, fuchsme, &c. 

See also the articles on “Dinitrotoluenb” and ‘'Trinitrotoi-uene”. 
Nitrotoluene : 

Sprengstoff A.-O. Carbonit, Hamliurg. 

Nizolysol. A new lysol preparation with a more agreeable smell than the 
usual lysol (q. v.). 

Non-alcoholic beverages. The growing temperance movement has led to 
the introduction of numerous non-alcoholic beverages, i. e. of liquids which 
as far as appearance, taste and character go resemble alcoholic refresh- 
ments such as wine, beer, liqueurs, &c. except that they contain no alcohol. 

t has frequently happened that when these liquids were analyzed it was 
touncl that they were not quite free from alcohol, and as chemists were then in 
aoubt as to the verdict that should be given, the Union of Swiss Analytical 
theniists has established the following “Characterization of non-alcoholic 
brveraces . 

A beverage is to be regarded as practically free from alcohol if the specific 
gravity of the distillate is more than 0.9992. The test is conducted like the 
aexermmation of alcohol in wine. When sufficient material i.s available in 
^ I'be examination more definite the distillation is carried out 

iho exactly 60 cem are distilled from 250 cem of the beverage and 

i ®P®eific gravity of the distillate determined. In this case the lowest limit 
to be 0.9963.'" 

lemonades there are four groups of non-alcoholic 
viz: 1. Non-alcoholic wines, 2. non-alcoholic beers 3. effervescent 
Hades, and 4. non-alcoholic milk beverages. 

beverages are produced by various methods. Apple juico, 
ation ^ ^ pasteurised in bottles (see “Milk"), more rarely by steriliz- 

^hickened P'requently sugar is added, and the substance 

soluKU^*^ niixtures of sugar-syrup and essential oils. Special essences 
8u<rar water are now sold, which are mixed with the requisite amount of 
i give “non-alcoholic liqueurs", “non-alcoholic punch essences", 

fonAt/-^* resembling in flavour those of an alcoholic nature. The 

‘^wing are a number of special methods: 
fruit Germ. Pat. 130103 for the preparation of clear non-alcoholic 

The pressed out in the usual way or extracted with water, 

•are (mtained is then treated as follows: About 60 — lOOg apple extract 
solved in 1 litre water. According to the acid contained quantities 

30 * 



468 


Nordhausbn sulphuric acid. 


up to 1 % of tartaric acid are added to the solution and the mixture placed 
in a boiling vessel and heated under pressure at 100 — 120° for several hours 
until a small amount taken out becomes clear on cooling and can then be 
filtered. 

Germ. Pat. 130625 protects the preparation of non-alcoholic aerated 
beverages by fermentation due to the ferment Leuconostoc dissiliens wliich 
splits fermentable sugar solutions into COj, and dextrose without producinfr 
alcohol. Quito similar to this is the method of Germ. Pat. 149342. The fruit 
Juiee is fermented by a species of the genua Sachsia (ether alone or in con- 
junction with lactic acid bacteria). After fermentation the liquid, which 
resembles hock, is sterilized and filtered. 

According to Germ. Pat. 151123 malt or fruit extract is treated with pure 
cultures of lactic acid bacteria at 45 — 50°, until about 1 % acid is present. 
After sterilization, the liquid is neutralized with NajCO^ until only 0.2 
acid remains, clarified, sterilized again and aerated by forcing in CO 2 . 

According to Lapp’s method (Amer. Pat. 786771) the juice is mixed with 
yeast, the mixture kept, in the absence of air, at a temperature of 0° until 
it becomes cloudy. The yeast is then removed, the residue filtered and saturated 
with CO 2 . Germ. Pat. 160497 protects the preparation of a nonalcoholic 
beverage resembling beer. Ordinary beer is distilled in a current of air and 
steam and the alcohol is driven off. 

The Germ. Pat. 160496 starts from fermented malt; it is fermented in .such 
a way as to produce only a small amount of alcohol. The fermented malt 
is separated from the yeast, treated with hops and boiled to remove alcohol. 
From the result of other experiments on these lines the method does not 
seem feasible, since during the process, flavouring matters are cither 
removed or altered in character. 

For an apparatus used to remove alcohol from beer, &c., see Germ. Pat. 
176198. 

According to Germ. Pat. 167491 an alcohol-free “beer"’ may be obtained 
in the following way. Finely shredded malt and hops are mashed in hot. 
(not boiling) water and kept at the same temperature for 1 hour with constant 
stirring. The mash is then boiled for ^ hour, cooled, treated with a small 
quantity of malt dust, the hops and “grains’" removed by filtration, treated 
with CO 2 after cooling to 15°, transferred to a large vat where it is furlluT 
cooled, bottled and steulized in a steam oven. 

The preparation of an alcohol -free beverage with a taste like beer is prot(;cted 
by Germ. Pat. 180288. The taste of wort is removed by keeping the yeast 
beforehand at a temperature between 6° and the optimum temperature for 
its growth. After treatment with this yeast the wort is allowed to remain for 
some time at 0°. 

According to Dan. Pat. 7555 (1904) the wort and COg fall into a vessel 
in the form of a fine spray. The method seems open to question. 

Nordhausen sulphuric acid see “Sulphuric acid, fuming**. 


Nosophene (Jodophene) — Tetrajodophenolphthalein. 


/(C^H^I^ . 0H)2 

-CeH* . CO . O 


Obtained by the action of a solution of I in KI on an alkaline solution 
phenolphthalein. It is a brown-yellow odourless and tasteless powder, insoluble 
inHgO and acids. It is used (and also its salts) for medical purposes, internally 
as an intestinal astringent, externally as a substitute for iodoform. — ^ Sodium 
nosophene, see ‘*Antinosinb”, bismuth nosophene, see “Eudoxine"'. 
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1 . 


NoYOCaine = p-amidobenzoyldiethylamidoethanol 
yNHa 

C.h/ . HCl 

NjOO . 

Small crystalline needles M. P. 156°, soluble in H^O in the proportion 1 
rrL vnueous solution may bo boiled without decomposition. . 

An excellent local anaesthetic, a very good substitute for cocame; it is used 
and applied like the latter. For many purposes solutions of novocaine and 
Buprarenine are very suitable. 

Novorenal. A solution of novocaine and adrenaline, sold as an anaesthetic in 
scaled tubes in various strengths. 

Novozone. A registered name (in Germany) for magnesium peroxide pre^ 
pared for medical purposes according to the method of Dr. Hinz It is used 
internally and externally as an ointment for wounds and gatherings. Its 
use is based upon its strong oxidizing action. 

Nucleic acids. Organic acids of unknown constitution. They contain N and P 
and are nearly always found as constituents of cell nuclei. Boehrmb^ s 
nucleic acid is obtained from yeast. Sodium nucleate is recommended for 
use in abdominal surgery. It increases leucocylosis and so lessens the nsk of 
infection. 

Nuremberg violet see “Manganese colours“. 

Nut oil {Oleum jughndis, Walnut oil). Obtained by 
as a greenish oii turning yellow on .standing. It is tasteless and “jjy 
faint smell. S. G. at 15«. It is a “quick drying oil and easily becomes rancid^ 
It is viscid at - 15» beginning to melt at - 27". Sapomfication number 
196 ; iodine number 142—144. The best qualities are used for domestic 
{u a flavouring) while the oil obtained by extraction with hot water fr^ the 
residue left after preparing the best oils is used as a substitute for linseed oil. 
It is used in making varnishes and soap. 

Nulrosc. Sodium compound of caseine. It is prepared according ^ 

Pat. S5057. The caseine of fresh cow’s milk is precipitated and converted 
into nutrose by treatment with NaOH or NagCOg. • i 

Nutrose is a white, almost odourless and tasteless powder, sparingly soluble 
in cold, readily in hot H 2 O; it is considered an excellent nourishing food, 
it contains 65.2 % albuminous substance, 20.15 % mtrogen-free matte , 
4- 15 % mineral matter, and 10.5 % water. 


0 

“Mineral oils’ 


“Petroleum”, “Lubri- 


Oils. See also “Fats and oils’" 
cants” and “Oils, essential”. 

It should be noticed that recently water-soluble oils have 
and more use. They all emulsify readily with water m f 

alkali soap which they contain. In this form they are use 8 Boleo 
J^achines, to oil wool for spinning and as ointments, &c. Accortog 
(Oerm. Pat. 129480) mineral oils (heavy tar oils) are 
ad^ng crude resin oils, saponifjdng the resin acids ^ 

and subsequently oxidizing under pressure. After this treatment they ca 
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retain considerable quantities of water and remain clear. See also Germ 
Pat. 122461 and 148168. 

apparatus: 

Sommer ft Range, Berlin ‘Friedenau, Bennigaen-Str. 23/24. 

Oileztiaoting Plant: 

Volkmar Haenig ft Corap., Heidenau*Dresden, Germany (aee front part advts.). 

Oil Presses: 

W. Stamm, 26 College Hill, London E.C., Sole agent for Friedr. Krupp A.-G. Grusouwerk 
Magdeburg-Buckau, Germany. ’ 

Oils spinning (Melting mediums) are used for making woolfibres slinnorv 
while spinning. See “Isol”. ’ 

Spinning oil (watersoluble) : 

Louis Blumer, Zwickau Sa., Germany. 

Dr. Roth's Inertol: 

Paul Lechler, Stuttgart, Germany. 

Oil black see “Lampblack^ (8oot). 

Oil blue see “Iron colous'' and “Copper colours'". 

Oil cakes see “Feeding stuffs"*. 

Oil colours. These are colours which are worked up with drying oils or 
with oil varnishes. They are used for weather proof painting for buildings, 
&c. and the more choice kinds for art purposes, painting in oils, &c. 
Formerly the artist or workman himself mixed the pulverized colour with oil 
varnish m a pestle and mortar, but now oil paints are usually sold ready made, 
the oil and colouring matters being mixed to about the thickness of butter. 
The colours can now also be bought so finely ground, pulverized and mositened 
that they can be very readily mixed with the oil varnish. The amount of oil 
necessary for mixing the colour depends on the nature of the pigment itself 
and varies greatly. The less oil the colour requires the more quickly it dries. 

Oil colours: 

Dr* Fr. Sohoenfeld ft Diisseldorf, Germany. 


Oil gas. The raw materials from which this substance is made are a fraction 
of petroleum, not suitable for illuminating purposes, and yet not fit to serve 
as a lubricant, heavy oils from brown coal-tar and paraffin ^stillation and 
finally certain vegetable oils, such as rape oil, used as lubricants for railway 
carriages, &c. 

For methods, &c. compare Coal gas. The retorts employed for making 
oil gas must be so constructed that the oil which is slowly introduced, first 
evaporates, and is only converted into gas when more heat is applied. The 
products must, at the same time, not be subjected to further increase of tem- 
perature. The crude gas which leaves the retort is treated in much 
the same way as coal gas. It passes through a tar receiver, and through 
cooling, washing and purifying apparatus, and is finally collected in a 
suitable gasometer. 

Owing to the high percentage of heavy hydrocarbons oil gas is as an 
iUuminant three or four times as strong as coal gas. It is therefore burnt 
in very small burners with much air. When compressed it is used for lightnig 
railway carriages. It is also used for carburetting coal gas and water gas, 
and in some oases for driving gas engines. 
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According to Engl. Pat. 10527 (1903) an oil gas with good burning properties 
is obtained by mixing hydrogen or compounds rich in hydrogen with the 
oil vapour before converting into gas. The diluting agent is separated as far 
as possible from the hydrocarbons by fractional distillation, and can be 
returned to the retorts. It is said that this method lessens the formation of 
tar and coke during the production of gas. A liquid for illuminating purposes 
called Blau gas after the inventor Blau, is produced from oil gas, by washing 
under high pressure with a suitable absorbent, thus separating the so-called 
permanent gases from those which can be condensed. This illuminating gas, 
thus separated at a normal temperature from the gases which cannot be rendered 
fluid, is kept under pressure in steel cylinders. Blau gas has a S. G. of 0.61 , 
is said to be less explosive than acetylene and less poisonous to breathe than 
coal gas. See Germ. Pat. 168198 and 175846. 

Oil green see “Chrome colours”. 

Oil mordants. These are only used in the process of dyeing Turkry-rbd on 
cotton (q. V.). Formerly the bleached cotton fabric was steeped in an emulsion 
of t-ournant oil with K2CO3 5 — 6 times, at intervals of a week. After each 
treatment the material was wrung out and allowed to dry in the open air. 
This long and troublesome process (white mordant process), has now been 
superseded, and is very rarely used. The modern method is to use the so-called 
Turkey-red oils, that is the aqueous solutions of oil mordants, obtained by 
treating olive oil or castor oil with concentrated H2SO4. The Turkey-red 
oils are made from olive oil by treating oil with half its weight of concentrated 
H2S04 in an vessel which is kept cool. After standing for 12 hours twice the 
weight of water and the weight of soda lye, 36 Be, is added, the mixture 
well stirred and allowed to settle. Finally the aqueous layer is drawn off and 
the oily part neutralized with soda lye or ammonia. The mordant thus obtained 
mixes with HjO to give a homogeneous slightly turbid liquid. 

Turkey-red oil, however, is more frequently made from castor oil than from 
olive oil. The castor oil is treated with only its weight of concentrated 
H2SO4. It is then well mixed, avoiding carefully any rise of temperature, 
and after 24 hours the product is washed with common salt solution to remove 
the excess of H2SO4. The oil mordant obtained which is soluble in water, 
is used as it is, or first neutralized to faint alkaline reaction. 

The chemistry of the Turkey-red oil manufacture is not yet definitely 
known but it is apparently a question of the formation of oxy-fatty acids 
and their esters. It must also be mentioned that the oil mordants are not 
used directly for fixing cotton dyes, but are mixed with other mordants such 

aluminium oxide. A bright and as a rule very fast dye is thus obtained 
avS a result of the action between the cotton fibres, the oxy-fatty acids, the 
metallic oxides and the colouring matter proper. 

Oils, essential. Under this name very many plant products are included. 
The properties common to all are : — a powerful odour, and volatility in steam 
without decomposition. They are also volatile at the ordinary temperatures 
and cause oil spots on paper which gradually disappear. . n • 

There are three methods for the preparation of essential oils: 1. Distillation 
with steam. 2. Extraction. 3. Pressing. 

1* As already remarked, the essential oils are volatile in steam at a tem- 
perature far below their boiling point. The parts of the plants containing 
the oil are therefore either boiled in water, or they are exposed to the a^ion 
of steam. The steam is condensed and the essential oil collects on the surface 
of the water in the receiver. The better plan is to distil with steam, as this 
prevents the delicacy of the perfume from being affected by contact with hot 
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HjO, and also because in this way the other constituents of the plants are 
not extracted. This latter consideration greatly enhances the value of the oils 

The Florence flask is the most suitable form of receiver. The 
cooling arrangements must be very carefully constructed, that the whohi of 
the oil is condensed. In cases where stearoptenes pass over with the oil and 
solidify in any quantity, sufficient warm water must be used in the cooler to 
prevent the pipe from becoming choked. The water in the distillate sometimes 
contains in solution large quantities of essential oils. It is therefore treated 
with common salt, which decreases its solvent power and raises the boiling 
point; the oU is then separated off by fractionation. Sometimes essential oils 
are distilled without steam in a partial vacuum. In whatever way tlie oil 
is to be distilled the plants must be chopped into fine pieces, in order that 
the steam may freely enter the pores. 

2. The extraction of essential oils by suitable solvents such as ether, acctono, 
carbon disulphide, methyl chloride, and others. This method is more freipicntly 
used than formerly, but can only be employed in cases where the plant eontaiiis 
but little fatty oils and resinous matter. These substances retain the essential 
oils very firmly, and distillation is necessary to separate them. For maceration 
and enfleurage, compare “Pebfumery“. 

3. The method of obtaining essential oils by pressure is only carried out 
in rare cases, where the fresh plant tissues contain much oil in relatively 
large cells. Spindle presses are in such cases generally used; less frequently 
hydraulic presses are employed. A special method of pressing, the so-calloci 
needle process is alluded to in the article on Orange peel oil. 

Special methods for obtaining oils are mentioned when necessary in the 
articles dealing with the various essential oils. Compare also “Perfiimeky“. 
The crude oils are purified either by being allowed to settle, by filtration, 
or in some cases by redistillation. This latter treatment is carried out cit}u*r 
in a vacuum or by steam. 

The preparation of essential oils free from terpenes has become of great 
importance, since it has been proved that in most oils the terpenes are only rien 
tral, or even form an objectionable and unnecessary constituent, the oxygenated 
constituents alone bearing the valuable quality sought. According to 
G. Haensel, the e^ssential oils are subjected to fractional distillation to free 
them from terpenes. As is kno\vn the true terpenes, CioHjg, have a relatively 
low boiling point, 160 — 190®, while the oxygenated components boil at a inueh 
higher temperature. Although the details of the method for obtaining es.sential 
oils free from terpenes, are not yet published, and although in special cases con- 
siderable modifications are no doubt necessary, it is quite certain that care 
fully conducted fractional distillation is still the essential feature of the procep. 
Germ. Pat. 146976 describes a new and special process for obtaining essential 
oils from which emulsions can be easily made, which retain all their qualities, 
and are soluble in water. The oils are treated with compressed air in an 
apparatus connected with a condenser. The temperature of the air is gradually 
raised from 60 to 70® in the course of half an hour. During this time 2 — 5 % 
of soda lye of 20® B6 and 2 % of hot water are added. After this preparatory 
process, .the volatile oils are intimately mixed by compressed air for 10 minutes, 
at a temperature of 60 — 70®, with a mixture of mineral and resinous oils 
which must be soluble in water. They are then heated with steam for 1 hour 
under a pressure of ^ — 1 atm. 

Essential Oils: 

Domeier & Co. Ld., 8 Harp Lane, London E.C. 

Apparatus lor essential Oils: 

Volkmar Haenig A Comp., Heidenau>Dresden, Germany (see front'part advfc.). 

Oil varnishes see “Linseed oil varnishes”. 
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Oleic acids. Commercially known as oleine. This name should, 

however, be applied only to the triglycerides of oleic acid. Oleic acid is 
obtained on a large scale as a by-product in the manufacture of stearin. When 
fats are saponified (compare “Stearine“, “Fatty acids“ and “Soap“) with 
sulphuric acid, the fatty acids removed by distillation are knojvn as 
distilled oleine. Saponified oleine is obtained when the process is carried out 
in autoclaves with superheated steam. (That obtained by saponification with 
lime is also included under this heading.) 

The mixture of fatty acids however obtained is separated by pressure into 
the liquid oleic acid and the solid stearine. When fatty acids are prepared 
by acid saponification and distillation the separation into oleine and stearine 
is usually accomplished by fractional distillation under reduced pressure. 
The liquid and solid constituents may also be separated by saponifying with 
superheated steam and fractionally condensing the distillate. 

Oleic acid is used in the manufacture of soap. That ])rcpared by saponific- 
ation is preferred to that obtained by distillation on account of the bad soap 
making properties and unpleasant odour of the latter. It is also used for 
oiling wool in cloth manufacture. 

The purest oleic acid is obtained by the saponification of linseed oil. This 
kind is called Linoleic acid. For processes of converting oleic acids into 
solid fatty acids see Fatty acids. 

Pure oleic acid is a colourless, viscid substance. S. G. (at 14®) 0.898, It 
begins to soften at -f 4®. M. P. -f- 14®. It may bo distilled without de- 
composition in superheated steam at 250® but undergoes decomposition when 
distilled under the ordinary pressure. In the air it quickly becomes rancid 
and acquires an unpleasant smell, a rasping taste and an acid reaction. 


Olive oil. Obtained from the fruit of Olea Europaea by pressure. The 
host fruits after removal of the stone give the finest table oil by slight pressing 
at the ordinary temperature. After this the pressure is increased and the 
temperature raised. In this way oils for burning and inferior kinds are obtained. 
The residue is finally ground and extracted (usually) with carbon bisulphide. 
Formerly the extraction was carried out with hot water and repeated pressing. 

Another variety of oil is obtained by pressing or extracting the residue 
from the first pressing. 

Fin(^ qualities have a yellow to pale yellow colour; sometimes they are 
coloured green by chlorophyll. It has a mild pleasant taste and a peculiar 
faint odour. S. G. (at 15®) 0.913 — 0.915 ; iodine number 78 — 85 ; saponification 
number 191 — 194. It is a non-drying oil which rapidly becomes rancid. 

The best qualities arc used as salad oil and are frequently adulterated. 
The other kinds are used for burning and lubricating, for the manufacture 
of hair oils, soaps and ointments, for oiling leather and wool and in dyeing 
(compare “Oil mordants“ and “Turkey-red dyeino“). 


Omorol, A silver proteid compound soluble in water. Used for local 
application in diphtheria and inflammation of the tonsils. 

Opium and opium alkaloids. Opium is the dried latex obtained by scratching 
the unripe capsules of the poppy {Papaver somniferum L). Opium is brown, 
soft and kneadable when fresh, later becomes brittle so that it may be powdered, 
a peculiar smell and bitter taste. 

The effect of opium is due to the various alkaloids contained in it. The 
^piuni alkaloids are classified according to Pictet as follows: 

1- Morphine group. Very poisonous bases c( 


Morphine Ci,H. 7 NO(OH)o 
Codeine Ci 7 Hi 7 NO(OH) (OCH 3 ) 


containing an oxazine rmg: 
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fat a. l^™L°Slin?<SSira* ■“ PltyaWogitally md „ „ 

Laudanosine ^,H N(OCH 
Tntopme (OjH^Soj.O 
Mecomdme “ 

Lanthopine Cj.,H,5N04 
Protopme 

Cryptopine C„H, ,N03(0CH,), 

Papaveramme Cj.HjiNOj 
Narcotme C.^H Mcock), 

Gnoscopme 

Uxy-narcotine CioH^.NO fOPTT ^ 

Narceine 

are to some extent"coniWned,^a*nd 7arfo^^^^ 

Other constituents of opium are Wtir«nM [ ®?® ™Portant substances, 
mucin, pectin substances, albumin caoutchoni^**'^^**^ salts, 

The averaire percentairp nf tki ’ wax, &c. 

ftcTET as fdlows; 9 mornhhie^r® alkaloids is according to 

observed); 5 % narcoti;r/tpU;“T^ 

» i % narceine. ^“Paverme, 0.4 % thebame; 0.3 % codeine; 

wi|i“H3.”®T‘he^qucousPx°trrt^^^^ extracting opium 

and mixed with Na^CO, whiKeoiDO?£« consistency of syrup 

separated after 24 hours is extracted wifL w ^Ikabids. The precipitate 
alcohol which takes up all the accomr^nn .HgO and then treated with cold 
and a little morphine. The crude resinous substam es 

dissolved in dUute acetic acid to shVh tfv and dried and then 

any narcotine which may be nresenf Z. reaction (during this process 
acetate). The acetic acid solution ^^dissolved as it forms no 

precipitated with ammonia Tho through animal charcoal and 

washed with cold H.O and dnVd .alkaloid is collected on bags, 

of fine crystals is generally sufficientlv^^i^^^^r^^^^u^^^ morphine in the form 
To obtain it quite pure it^must be rZ the preparation of its salts, 

alcohol with the aidition of animal ch^c^oaf^^^ several times from boiling 

With steam or extraction with^p^tro^um TfhA ^ flowers by distillation 
pleasant smell. It is at first co^iiHaq® ”^ohile liquid with a 

ing. Two kinds are recognized viz \ becomes yellow or brown on stand- 

(at 150) 0.870-0.880; theater S^G ^‘1 ?’ 

the true or bitter oil of orange flnw«..o latter is used to adulterate 

a«y certainty but synthetic preparation constituents are not known with 

imitate the natural product ^ ComnAi-J^ which successfully 

the methyl ester of anthr^nilic^^H 

Bitter orange peel oT^^btaii^H^' bitter and sweet are recognized. 

i'bel oil, obtained by pressing the peel of the bitter drange. 
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Yellowish oil with a sharp burning bitter taste and orange-like aromatic odour. 
S. G. 0.848 — 0.854; B. P. 175 — 179®. [ajo ~ (circa) + 95®. The oil contains 

linionene. 

SwBKT ORANGE PEEL OIL. More important commercially than the above 
described oil from which it differs chiefly in its milder and less bitter flavour. 
It is pale yellow in colour, S. G. 0.848—0.852. [a]r, at 20® = -f 96® to -f 98®. 
Used in the preparation of lemon essence. 

Orchid oil (Ylang-Ylang oil, Oleum ano^me, Oleum unonae.) This 
essential oil is not prepared from orchids but from the flowers of the tropical 
Unona (Anona odoratissima.) S. G. (at 15®) 0.940 to 0.955. Much used in 
perfumery on account of its fine odour. 

As a substitute for the natural product the following recipe is given in 
Germ. Pat. 142859. Parts : — Linalool 250, geraniol 130, cadineno 60, eugenol 2, 
methylester of p-cresol 10, methylbenzoate 60, benzylalcohol 150, benzyl- 
acetate 100, benzylbenzoate 67, iso-eugcnol 20, crcosol 1, methylester of iso- 
eugenol 40, methylester of eugenol 100, methylsalicylate 20, and methylester 
of anthranilic acid 0.6. (This is only an example of the preparation of a syn- 
thetic product.) 

Ores, preparation of. The various methods of separating different minerals, 
or of enriching the ore by removing useless parts comprise the mechanical 
preparation of ores. The ores are crushed, sorted, washed, &c. Recently 
preparation by means of oil and by magnets has become important. 

Magnetic preparation. The material is passed between electromagnets 
in the form of rollers or wedges. The effect is based on the magnetic properties 
of the material, the possibility of separation being due to paramagnetic 
(positive) and diamagnetic (negative) particles. Magnetic preparation 
allows of separating diamagnetic from paramagnetic substances, and also 
of separating paramagnetic substances from each other. Under the influence 
of very strong magnets all paramagnetic substances may be removed from a 
mixture with non-magnetic substance and be collected separately. As most 
minerals and moreover most ores are paramagnetic this method of preparation 
i^ very widely applicable. 

By magnetic means the following ores may be extracted: All iron ores, 
compounds of titanium, tungsten, nickel, cobalt, manganese ores, sulphide 
ftud oxide of copper, and in short all ores containing a little iron, nickel, 
cobalt, titanium and tungsten; non-magnetic ores on the other hand are: 
lead and silver ores, tinstone, bismuth compounds. 

The following are also magnetic : — All silicates, phosphates and carbonates 
containing manganese and iron; non-magnetic: — Silicic acid, heavy spar. 

These processes of separation are chiefly dry methods so that they will be of 
great use where wet separations are difficult on account of scarcity of water 
or low temperatures. 

The Germ. Pat. 144954 purposes an oxidizing roasting as a preparation for 
l^or iron ores before the magnetic treatment is applied. A similar treatment is 
the substance of the Engl. Pat. 6811 (1903). 

The preparation of ores with oil invented by Elmore, involves the use of 
heavy oils, especially the residues from petroleum distillation. When ores are 
crushed, large amounts are frequently lost in the shape of fine scales which 
float on the water. Elmore therefore grinds the ore in a wet state and passes 

Ji'^tth oil into a rotating cylinder where it is intimately mixed with the oil. 
Ihis mixture is then separated from the excess of liquid and the oil finally 
removed by centrifugal appliances. The process is especially suitable for 
pyntes and copper ores. — very similar to this is Frommbnt's process for pre- 
Panng sulphur ores (Cu; Pb; Zn, &c.) with oil. 
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Ore dressing Haohinery: 

W. Stamm, 26 College Hill, London E.C., Sole agent for Friedi*. Krupp A.-G. Grusonwerk 
Magdoburg-Buckau, Germany. 

Orexine. Formerly this name was given to orexinehydrochloride — phenyl- 
dihydroquinazolinehydrochloride : — 


N . Cfi, 

+ 2H2O 
CH 

N.HCl 

It is prepared according to the Germ. Pat. 61712 from formanilide. By the 
action of metallic Na on the solution in benzene, sodium formanilide is obtained 
which is converted into o-nitrobenzyl formanilide by treating with o-nitro 
benzyl chloride; this is reduced with Sn and HCl, o-amidobenzylformanilidi 
is formed as an intermediate product and this is transformed into phenyldihydro 
quinazoline with separation of HgO. 

At present neither the hydrochloride nor the free base is used; instead of 
them the tannic acid salt is employed. It is prescribed medicinally to in 
crease the appetite. The dose for adults is 0.5 — l.Og, and for (‘hildifn 
0.25 — 0.5 g, once or twice a day, one or two hours before a meal. 

Organic dyestuffs. See “Vegetable dyestuffs'’, “Animal dyestuffs , 
and “Coal-tar dyestuffs”. The latter article gives a classification of coal-tai 
colours. 



Orchil (Persio). Obtained from various coloured lichens (particularly 
Roccella tinctoria) by the method used in the preparation of litmus. Diffc* 
rent varieties are prepared, c. g. Orchil paste, Orchil extract, FKENrii 
purple and Persio (red indigo). 

The paste is obtained by fermenting the lichens in presence of NIT,-,; the 
extract by heating with lime water and precipitating the colouring matter 
with acids; French purple is obtained as a lime compound from the colour 
solution; Persio is the dried extract and is obtained in the form of a powder. 
The essential constituent of orchil is a substance Orceine which dissolves iu 
alkalies to give a violet coloured solution. It is used for dyeing wool aiul 
occasionally silk. Violet to dark-red shades are obtained without the use of 
mordants but the colour is very fugitive. 

0/phole. A bismuth ^-naphthol compound. 

BiA(OH) . (CioH,0). 

Odourless and tasteless brown powder, insoluble in H^O and alcohol, u 
is used medicinally, internally as an intestinal antiseptic, externally as a 
substitute for jodoform. 

Orthochroraatic plates see “Photographic plates”, 
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aniicijthetic with great success, for instance for gatherings burns and 
wounds, in dental surgery for painless extraction, as an inhalation for colds 
hay fever, &c. &c. 

Orthotoluene sulphamide see “Toluene sulphamide’'. 

Ortol see “Photographic chemicals’'. 

Osmium. Os Atomic weight = 190.8. One of the platinum metals which 
separates from fused tm in very hard blue crystals. It also forms a grev 
black powder with a S. G. 22.48 and has M. P. circa 2500 <>. It is the heaviest 
of all elements and the most difficult to melt. When finely powdered it dissolves 
in various mineral acids. On the other hand compact Os is insoluble oven in 
Aqm regia. It oxidizes on being heated in the air. An alloy of osmium and 
indium IS used for the points of pens, for fountain pens, and for other articles* 
its extreme hardness and its resistance to acids make it very valuable for such 
purposes. Osmium is also the material from which the incandescent body 
of the new Auer electric incandescent lamps arc made. Compare Osmium 

LAMPS. ^ 

Compare Platinum for the process for obtaining (jollodial osmium as givcm 
in the Germ. Pat. 157172. 

Osmium : 

Johnson Mathey A Co. Ld., Hatton Garden, London K.C. (soo advt.). 

Osmiiiin compounds. Osmium tetroxide, wrongly called osniic acid is 
formed by heating Os in the air or in steam and also by treating Os with HNO 
or Aqtia regia. •'* 

A white crystalline substance (needles) which sublime easily, B. P. 100° 
readily soluble in water. Osmic acid volatilizes in dilute solutions; the 
vapours are very poisonous and have a purgent smell. They attack the mucous 
mmiibrane very readily. Osmates corresponding to the unknown OsO. have 
oc'cn obtained. 

Csrnic acid is used for hardening animal tissues for microscopic; work. 

Osmium compounds: 

Johnson Mathey A Co. Ld., Hatton Garden, London E.C. (see advt.). 

Osmium lamps. Tliis name has been given to the incandescent electric 
don r? Auer. The opiium is worked up with other materials to a 

drv^' fL substance and made into threads under pressure. After these are 
filnm reduced by an electric current to pure metal. The osmium 

ind ff enclosed in vacuous glass bulbs, or in bulbs filled with some 

lamps principle as the ordinary electric incandescent 

for 1 candlepower. It is a disadvantage 
25 ^ 25 candlepower lamps need between 

larnn L ^ ^olts; those of 30 — 35 candlepower about 38 volts, so that several 
is sun v/ together when the usual voltage of 110—120 volts 

of f’l osmium lamps are also expensive, on account of the rarity 
for 1 being 5 shillings each, but on the other hand they last 

lirrbf ; ^ hours and repay the expense in the economy of current. The 

Th V white. 

the table gives the illuminating power and amount of current of 

®poak when burnt continually. The numbers which are averages 
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Osmosis. 


Time of 
burning 
in hours 

Strength of 
current in 
Amperes 

Average Strength 
of light m 
Candlepower 

Energy required 
in Watta 
per candlepower 

100 

1.348 

35.25 

1.464 

400 

1.320 

33.27 

1.510 

800 

1.288 

31.50 

1.664 

1000 

1.272 

29.95 

1.617 


A further advantage of the osmium lamps is that they are so little affected 
by variations of voltage and do not flicker and flare as do the carbon filament 
lamps. There is scarcely any perceptible blackening of the glass from the 
osmium so that the lighting power is not affected. 

The price of the osmium lamps of 16 — 32 candlepower is 6/6. Of this 
nine pence is returned for the worn-out lamp. As the lamp does not need lialf 
the energy necessary for carbon filament lamps, it can be easily calculated 
that with a current costing (for instance) 5 pence per kilowatt a 32 candle 
lamp pays for itself in about 170 burning hours. Taking as a standard th(^ 
time a carbon lamp burns, at about 8(X), we have for the rest of the 600 burning 
hours, a saving of 18/ worth of current. 

Osmosis see “Diffusion”. 


Osram lamps see “Tungsten lamps”. 

Ovogal. A combination of ox-gall and egg-albumin which passes unchanged 
through the stomach and dissolves in the intestine. It is a powder with an 
unpleasant taste prescribed as a cholagogue. 

Oxalates see under the respective metals. 


Oxalic acid. C2H.2O4. Occurs in various plants, e. g. sorrel, rhubarb, 

It is obtained artificially by treating many carbon compounds (sugar, starch, 
cellulose) with HNO3 or fused potash. It may be prepared by heating 1 part 
cane sugar with 8 parts HNO3. On a large scale it is obtained as follows:— 
1 part of saw dust, from which the large pieces have been removed by passing 
through sieves, is soaked with caustic lye (S. G. 1.3 — 1.4). (The lye is a 
mixture of KOH and NaOH.) The saw-dust and alkali are heated to 240® in 
shallow pans with constant stirring, the thickness of the layer being about 
2 cm. The heating is continued untU a greenish-yellow melt is obtained. While 
still hot the melt is thrown into warm water, the extract evaporated (to 38 Be) 
and allowed to cool. The greater part of the sodium oxalate then separates 
out. It is removed from the solution, dissolved in a small quantity of boiling 
water and the oxalic acid precipitated with lime. The calcium oxalate is 
made into a thin paste with water, heated and the calcium precipitated with 
H2SO4. The solution of oxalic acid is further evaporated until the last portions 
of CaS04 have separated and is then crystallized and purified by recrystal- 
lization. , 

Oxalic acid is also obtained commercially by treating saw-dust with a 


mixture of HNO3 and H2SO4. 

According to Germ. Pat. 183022 carbohydrates are oxidized with » 
in presence of small quantities of vanadium compounds (usually VgO^) 
act as oxygen carriers. The advantages claimed for this process are:— -t 
whole process is carried out without any external heating in a shorter ti^_* 
no intermediate products are formed and the yield is considerably 
Since the preparation of formic acid (q. v.) by Goldschmidt's 
process can now be carried out so cheaply oxalates are now prepared 



OXAPHOB. 


479 


Pat. 111078) by heating mixtures of formates and carbonates. An imoortant 
modification is descnbed m G«rm. Pat. 161612; see potassium oxalate under 
Potassium compounds. The free acid can be obtained from the salts 
It forms colourless transparent crystals with 2 HjO The crystals which 
have a strongly acid taste, are odourless and effloresce in the air Thev dissolvo 
in 12-14 parts cold water and in 0.3 to 0.4 parts hot water. Oxalic acid is 
poisonous. It IS used m dyeing and calico printing, for the preparation of 


IS. It IS used in dyeing and calico printing 
formic rosoUo acid, dextm^ and diphenylamine blue, for bleailiing straw* 


V , uiuo, lor Dicaching straw 

for the purifica^on of stearme and glycerine, for removing inkstains and 
iron-mould, for the polishmg of brass (under the name of sugar acid), &c. &c. 
Oxalic acid: 

Doineier & Co., 8 Harp Lane, London E.C. 

Oxaphor = oxycamphor in 50 percent solution. 

/CHOH\ 


I /CHOH\ 

^Oxycamphor = j 


Oxycamphor is obtained by tlie reduction of camphorquinone C\H.x(CO) 
by means of zme dust and acids; the oxycamphor formed is extracted from 
the liquid and purified by distillation in steam. 

White crystallme powder M. P. 203-205“ C, sparingly .soluble in cold 
more readily in hot HjO, very easily soluble in all organic solvents. .Since 
eohd oxycamphor decomposes on keeping, only the 50 % solution is sold. 
Oxaphor 18 given internally in all kinds of respiratory diseases; single dose 

1— 1.5 g, dose per day 1.6— 2 g. - b “ c 

Oxazines and thiazines. Two closely related classes of coal-tar colours 
ative U phenaline^'^°™ simplest represent- 

C.H,< I >C,H,. 

Phenazine on reduction gives hydrophenazine 

/NH 

i. an imide group (NH) in hydrophenazine by O 

>8 obtained, i. e. phenoxazine ’ 

/NH. 

C,H.<( ^ )C,H, 

3iXLnSaSe)“® ^ viz. phenothiazine 

/NH 

C,H,<; ^ )C,H, 

obtained. Oxazine dyes are derived from phenoxazine, and thiazine dyes 
^ phenothiazine. The former possess the chromophore group o or 

N N 

while the chromophore group ^ is assumed to be present in 

be thiazines (also called thionine dyestuffs). 


J, an oxazine 
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Oxy BENZOIC ACID. 


Naphthylene blue (New blue, cotton blue) is of this class. Its constitution 
is dimethylphenylammonium naphthoxazine 

C1(CH,)5N ; C.H 3 <( >C„H,: 

it is obtained by condensing nitrosodimethylaniline hydrochloride with 
/5-naphthol in alcoholic solution in presence of zinc chloride. 

The simplest representative of thiazines is Lauth*s violet (Thionine) now 
no longer used; — 



obtained by the oxidation of p-phenylenediamine in acid solution with FcjClj 
in presence of HgS. Especially important in this class is methylene blue, an 
alkylated thionine (see “Methylene blub*')- 

Oxybenzoic acid see “Salicylic acid”. 

Oxycellulose. Obtained by the action of different oxidizing agents on 
cellulose. For instance oxycellulose is prepared in the form of a fine paste 
by boiling 85 g of loose cotton with 65 ccin of soda lye of 7 ® B 6 and a solution 
of 12 g of KMaO^ in 1750 cem of water till the whole loses its colour. It is 
then filtered, washed while still hot, allowed to drain, then treated witli soda 
lye of 25® Be at 50® C, and allowed to stand till the following day. This paste 
is used for obtaining a damask effect in the cotton industry, especially by 
ermployment as a dressing for sateens. 

Further, oxycellulose can be made by boiling filter paper with times 
its weight of HNO 3 (S* According to this method /9-oxycellulose 

substances are obtained which differ in various ways from the ^-oxycellulo.se 
products. (Compare Chem.-Ztg., Repertor. 1901, p. 353). Allied to these 
substances are those which pass under the name of nydrocelluloso products, 
which were first made by Gibard by warming cellulose with hydrochloric 
acid. Hydrocellulose is obtained (Germ. Pat. 123122) in a much shorter time 
by adding a quantity of potassium chlorate, insufficient for converting cellulose 
into oxycellulose, in the treatment of cellulose with HCl, and maintaining 
a reaction temperature of 60 — 70®. The very small quantity of KCIO3 gives 
the hydrocellulose peculiar qualities. It forms a white powder, which is 
sandy to the touch, is proof against acids and alkalies, and can therefore he 
employed for making articles for which these last named characteristics are 
of importance. According to Germ. Pat. 123121 a different form of hydro- 
cellulose is obtained by adding crude cellulose to glacial ascetic iicm 
containing free chlorine, and heating to 60 — 70® with constant stirring- 
This form of hydrocellulose is said to be employed as an intermediate substance 
in the manufacture of acetyl- and nitro derivatives. 

According to Germ. Pat. 137206 a hydrocellulose containing sulphur 
is formed by adding HCl to the hydrocellulose obtained in the 
described by Germ. Pat. 123122. Chloride of sulphur is added to this semi diqin 
mixture, when the product of the reaction is poured into HjO in 
separate the sulpho-hydrocellulose. This substance is very valuable ^ 
vulcanizing caoutchouc more particularly because the cellulose as well as tn 
sulphur enters into chemical combination with the rubber. 
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Oxydasine. An antiseptic recommended for wounds and gatherings; it 
consists chiefly of a 0.06 % solution of vanadic acid. 

Oxygen. 0. A. W. == 16.00 (H = 1.008). Obtained by heating KCIO3; 
better with additions of MnO, which should be pure. A better substitute 
for MnOa ns an addition to the KClOg, is freshly precipitated and ignited 
Fe O3 (caput mortuum). 0 is also obtained by heating MnOg with 
in retorts, or by decomposing a mixture of these two substances in suitable 
vessels by means of an air current under pressure; in the latter case no heat 
is required. Another method is bas(^d on the fact that bleaching 
powder evolves (3 when treated with the oxides of Ni, Co and Cu; Co^O^ is 
generally used: A clear concentrated solution of bleaching powder solution is 
heated to 70 — 80° C with 0.1 — 0.5 % of its weight of Co^Og or by a more 
simple process, Cl is passed into thick milk of lime containing a cobalt 
salt. The transformation is the same in cither case, corresponding to the 
following equation: 

Ca(aO)2 -f 2 C02O3 = CaOg + 4 CoO + 2 Og. 

The advantage gained by the fact that the CoO formed is always able to 
take up 0 with re-formation of CogOg is neutralized by the conversion of the 
bleaching powder into CaClg, i. e. the former must be constantly renewed. 

According to Germ. Pat. 143548 pure O is obtained from sodium peroxide. 
The NagOg in the form of cubes is mixed Avith a little Ni- or Cu-salt and then 
brought in contact with HoO, in a Kipp’s apparatus ; the decomposition takes 
place with formation of NaOH and 0. 

All these methods are too expensive for industrial purposes. The moat 
promising^methods appear to be those which utilise the atmospheric 0. Five 
methods of obtaining oxygen from the air have been proposed: — 

1. When barium peroxide BaOg is heated to 800° C it evolves oxygen: 
BaOg = BaO -f 0 (at 800°). When a current of pure air^) is conducted 
over the resulting barium oxide (BaO) at 500 — 600° C it again takes up oxygen 
from the air: — BaO + 0 = BaOg (at 500 — 600°) that is theoretically the same 
amount of barium oxide remains active, the oxygen being obtained from the air. 

2. According to Kassner oxygen may be obtained by passing pure carbonic 
acid over calcium orthoplumbate : 

2 Ca2Pb04 -f 4 COg = Og + 2 (2 CaCOg + PbO). 

By conducting air over the latter compound it is reconverted into the 
original orthoplumbate 

2 CaCOg + PbO -f 0 (air) = 2 COg -f Ca^PbO^ 

Theoretically both the calcium salt and the COg are regenerated in constant 
quantities. The same principle is that of the following. 

*‘1- The calcium orthoplumbate is converted while moist into calcium 
carbonate and lead peroxide by dilute carbon dioxide*): 

Ca2Pb04 -f 2 COg = 2 CaCOg -f PbOg. 

When the latter mixture is heated the lead peroxide splits off oxygen: 

2 CaCOg -f PbOg = O -f (2 CaCOg -f PbO). 

The regeneration of the last named mixture to calcium orthoplumbate is 
precisely the same as described above. 

4. It has been proposed to fractionate air by diffusion through plates of 
plaster of Paris. The nitrogen passes through a porous substance more 
rapidly than the heavier oxygen. The air wmch passes through contains 
therefore more nitrogen and the remaining portion more oxygen. Although 

The air must be freed from COs by passing through caustic soda solution. 

) Furnace gases containing carbon dioxide are used. 

Bliicher. 31 
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Oxygen. 


theoretically any percentage of oxygen may be thus obtained, it appears 
evident that the method is hardly capable of practical application. ^ 

5. Another method of obtaining oxygen from the air is based on the fact 
that nitrogen is less soluble in water than oxygen: 

1 vol. water will dissolve 0.4114 vol. oxygen 
1 “ “ “ “ 0.2035 “ nitrogen 

at O*’ C under 760 mm mercury. 

When therefore water is allowed to absorb air and the absorbed mixture 
of gases is expelled by heat it contains more oxygen than the original air 
If this mixture is then conducted into cold water again, and again expelled 
and this operation repeated several times, the gas mixture contains considerable 
amounts of oxygen, so that for industrial purposes it is equivalent to pure 
oxygen. This latter method was expected to prove a valuable one, but the 
expense of the process has turned out to be very considerable. Of the various 
methods enumerated, so far as the author is aware the only ones used, on a 
large scale are the first, originally suggested by Boussionault and improved 
by the Brin Brothers, and the second, invented by Kassner and based 
(like the third) on the decomposition of calcium orthoplumbate. 

6. The methods of obtaining 0 from liquid air will probably become highly 
important. For Linde's process see “Air, Liquid". The method has now 
attained considerable importance. The air is first completely liquefied and 
then allowed to evaporate. The more volatile N escapes first and a gas con- 
taining 95 % 0 is eventually obtained. By lessening the yield a purity of 
98 — 99 % may be reached. The cost is relatively low. Pictet's method for 
separating atmospheric 0 and N by thermo-mechanical means belongs to 
this category. The patents taken out for this process (Engl. Pat. 19254, 1900), 
French Pat. 322600 with supplement and Germ. Pat. 162323) protect the 
following points: 1. The air is filtered, compressed and freed from water. 
2. The dry, compressed air is cooled to the point of solidification, i. e. about 
— 194® C. 3. The liquified air is filtered to remove the floating particles of 
carbon dioxide. 4. The filtered liquid is again evaporated, the more volatile 
nitrogen escaping first. 5. The cold produced by the evaporation of the liquid 
air is utilized to liquefy the compressed air pumped into the apparatus. 6. An 
automatic arrangement insures continous working. 7. Another automatic 
arrangement ensures that the nitrogen and oxygen leave the apparattis of 
the required degree of purity; and also prevents gas mixtures escaping which 
differ but slightly from ordinary atmospheric air. — Pictet's apparatus con- 
sists of two boxes, the larger serving to accumulate the N and the smaller the 0. 
The lower part of the former contains a liquid bath of liquefied air with coils 
through which cold compressed air may pass. The temperature in the bath 
is such that on the whole only N escapes while the percentage of 0 in the 
liquid increases. The liquefied air enters the second dox which is arranged 
much like the other. The solid CO 2 is removed by filtering and the filtrate 
used to begin the liquefaction of the air entering the first box. As this becomes 
warm, it loses N which escapes in almost a pure condition. In a similar way 
the 0 is obtained in the smaller box. 

7. Germ. Pat. 134134 is probably of little industrial value; the process 
consists in allowing air and steam to act alternately upon alkali manganates. 
When the steam acts the manganate decomposes according to the equation- 

Na^MnO* HgO = 2 NOH + MnO^ -f 0. 

The caustic alkali and manganese dioxide thus produced are now 
absorb a further quantity of O. The details of the process are beyond the 
scope of the present book. _ ^ 

8. The electrolytical production of O is already of great importance, H 2 
or aqueous solutions of salts are decomposed. This process known for a long 
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1 as been adapted to industrial application. Iron or carbon electrodes are 
while the liquid consists of soda lye or a solution of ICCO3; the O is 
^ n ted at the anode and the H separately at the cathode. There are many 
ihtions in detail in the electrolytical production of 0, but no fundamental 

(iiffere^ces.^^e^hod mentioned above of producing 0 from bleaching powder 
u 1 Hpn the subject of attempts to adapt it to industrial requirements. 

process given by Jaubert (Engl. Pat. 21122 (1903), Engl. Pat. 26148 
/1 903) Germ. Pat. 157171) improves the method considerably by adding 
« rtain contact substances, e. g. ferrous salts and manganous salts ; smal 1 
aantities of Cu-, Co-, or Ni-salts are also added to start the reaction. The 
uxture is placed into a gas developer, either as a powder or pressed into 
cubes and Is soon as HgO is added the evolution of 0 commences. According 
to Jaubert's latest reports it is advantageous to mix only the dry bleaching 
powder with CUSO4, C0SO4 or NiS04 and not to add the solution of FeS04 
or MnS()4 before use. 

10. For preparing small quantities of O (French Pat. 336062 and supple- 
ments) the action of boric acid on peroxides is used, perborates (q. v.) are 
formed, which evolve free oxygen in contact with permanganates. 

Oxygen is transported in seamless steel cylinders tested to 100 atm. pressure. 

0 ivS a colourless, odourless and tasteless gas, 8. G. 15.96 (H = 1), and 1.106 
(air 1). Critical temperature — 119®, critical pressure 50 atm. Liquid 0 
u light blue to steel blue in colour, 8. G. 1.124 (HgO = 1) and boils at — 182® C 
under 760 mm. 

0 has recently been used instead of air in various furnace processes, for 
melting and clarifying glass material, in the manufacture of 803, and for 
regenerating the waste from gas purification (see “Coal gas”). See also 
“O.xyHYDROGEN GAs” and “Ozone”. 

Oxy hydrogen gas. A mixture of oxygen and hydrogen which explodes 
violently on ignition with the formation of water: the explosion is most 
viol(‘nt when the gases are mixed in the proportion H : 0 — 2 : 1. If the 
two gases be contained in separate vessels and be ignited at the common 
point of issue no explosion results. The flame thus produced is small and 
non-luminous but intensely hot. It is in consequence used for melting platinum, 
for soldering metallic plates and for giving Drummond’s linie-light. 

Instead of hydrogen coal gas is sometimes used, and similarly air takes 
the place of oxygen in this mixture, but in neither of these cases is the same 
temperature attained, 

Oxy ketone dyestuffs. This very important group of coal-tar colouring 
matters includes the monoketone colours, the oxyxanthones, and the diketone 
dyestuffs. 

The monoketone colours contain two or more salt forming OH groups in 
addition to the chromophore CO group. They are produced by the conden- 
sation of aliphatic and aromatic monocar boxy lie and oxy acids, or their 
chlorides, with phenol in presence of ZnClg, concentrated H2SO4 or SnCl4. 
They give yellow shades. To this class belong, for instance, alizarine yellow A 
*nd alizarine yellow C. Alizarine yellow A is trioxybenzophenone 

/\-OH 


C,H,.CO-t /1-OH 


01 


31 * 
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and is produced by the action of benzoic acid or benzotrichloride on pyropallol 
in presence of zinc chloride. Alizarine yellow C is gallacetophenoue 

CH3 . CO . CeH3(OH)3, 

that is, it differs from alizarine yellow A, in that the benzyl group is replaced 
by the acetyl group. It is produced by the action of acetic acid and zinc 
chloride on pyrogallol. 

The oxxanthones are oxyderivates of the diphenylene ketones (xanthones) 



a characteristic of this colour group is the ring 



To this class of colouring matters belong various natural pigments, e. g. the 
euxanthone of Indian or Chinese yellow (compare “Animal DyESTUFFs“). The 
artificial dyestuff which has been given the name of galloflavine should be 
included in tlys group (its constitution is, however, still unknown). This sub- 
stance is obtained by the action of atmospheric oxygen on an alkaline solution 
of gallic acid. 

The diketone dyestuffs contain two CO groups each in the p- position 
and in addition at least 2 hydroxyl groups, which stand to each other in the 
o-position and are next to the CO group. As these very important 
colouring substances are all derivates of anthracenes or anthraquinone, they 
have been given the names anthracene, anthraquinone or alizarine colours. 
Most of these substances are mordant dyestuffs, that is they unite with metallic 
oxides to form on the fibres a coloured lake which is very fast. The most im- 
portant diketone colour is undoubtedly alizarine. See “Alizarine” It 
forms an orange-coloured paste and dyes cotton, mordanted with aluininates, 
red, with zinc, rose, and with chromium, Bordeaux, while on an iron mordant 
the colour obtained is violet. The most important use this substance is put 
to however, is as a substitute for madder in Turkey red dyeing. Compare 
the article on “Turkey red dyeing“. Mention should also be made of another 
diketone dye to which has been given the name of “Purpurinb“. The con- 
stitution of this colour is 1, 2, 4-trioxyanthraquinone. It is obtained by the 
oxidation of alizarine with MnOa + H2SO4 or electrolytically on the cathode 
from a mixture of anthraquinone and fused KOH. Purpurine dyes cotton 
mordanted with aluminate a bright scarlet and cotton treated with a chromium 
mordant a shade of red- brown or Bordeaux red. 

Oxytriphenylmethane dyestuffs. Coal-tar dyes which belong to the tn* 
phenylmethane series (q. v.). 

In the rosaniline dyestuffs (see “Amidotriphenylmethanb dyestuffs | 
the amido groups are substitute by hydroxyl groups. They therefore conta 
the chromophore = C — R — 0 or = C = R = 0 where the C atom 
] 1 
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0 atom 


the phenyl group R are in the p-position. 

rPorcTentative of this group is aurine (p-rosalic acid) 

^ /C,H, . OH 


The simplest 


. OH 
w . n 


^CeH4 : 0. 

It is formed when phenol is heat^ to 120- 
8ulphuric acid. 

Oxvxanthones see “Oxyketonb colours". 


-130® with oxalic acid and 


Ozokerite. A mineral of a waxy nature generally black, green or brown 
in colour. It is sometimes as hard as gypsum. Ozokerite is a mixture of solid 
and liquid hydrocarbons and occurs in a massive state. S. G. 0.85 — 0.96. 
M. P. lies between 60® and 70®, though sometimes it varies between 55 and 
IIQOC. Ozokerite is chiefly used in the preparation of ceresine. 

Tkst. The impurities in crude ozokerite are mineral substances, water, and 
mineral oils. The examination covers, a) the residue insoluble in petroleum 
ether (ash), b) the loss of weight at 150® C, which should not exceed 5 %, 
and c) the melting point. When ozokerite is adulterated with colophony 
there is an acid index. E. v. Boyen in the Zeitschr. f. angew. Chem. 1898, 383 
(fives more details concerning ozokerite. 


Ozone. A condensed form of oxygen, 0^, which readily gives up the third 
atom ()f 0 and can therefore be regarded as one of the most effective means of 
oxidation. 

Pur industrial purposes the only method of preparation is that first described 
by W. Siemens in 1857, viz. the silent electric discharge. The old Siemens 
ozone tube is not used as much now as the newer ozone mica tube, consisting 
of a inetal tube covered with mica which is surrounded by a second metid 
tube lined with mica. The gas to be ozonized (usually air, less frequently 
oxygen) is pas.sed between the two mica tubes which are connected by their 
respective metallic surfaces with the poles of a Ruhmkorff induction machine. 
()ther modifications (e. g. the Siemens & Halske apparatus) consist of two 
gla.s8 tubes one inside the other and fused together in a particular way so that 
the air to be ozonized passes through between the two; the inner tube is filled 
with acidified water and the whole apparatus placed in water so that the 
two coverings of this condenser consist of water. In addition to glass and 
mica other di-electrical materials have also been used in the construction of 
ozone apparatus. Part of the oxygen passing through the apparatus is con- 
verted into active oxygen ; it is essential that the gases to be ozonized should 
he dry and free from dust. 

According to the Germ. Pat. 134929 highly ozonized air is produced by 
repeatedly conducting the same gas through the discharge space of an ozone 
apparatus. The air is driven or drawn repeatedly through the ozone apparatus 
consumed is replenished automatically by a valve, 
in 140316 protects an ozone apparatus in which phosphorus 

of fi p ^ ^ candle is dipped into a suitable liquid; a short piece only 

< I projects above the liquid and this is constantly pressed against a 
cr pla^d above the liquid, so that a continuous formation of ozone occurs. 
Deri .protects the application of a method known for a long 

are k » liquids are electrolyzed with non-conducting electrodes which 

Tl containing 30 % ozone can be prepared by this means. 

thelc^^K • production of ozone cannot be described as cheap it is never- 
^ ss oecomii^ commercially important. It is used to bleach woven materials, 
storif’ ^ improve tobacco, to bleach oils, to purify starch, to 

akA uur **^^8 water, &c. See “Bleaching", “Fats and oils", “Spirits", 
Water Purification". 
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Painter’s canvas. 

Painter’s canvas: 

Fr. Schoenfeld A Diisseldorf, Germany. 

Painter's colours. Oil colours are usually mixed with linseed oil, sometimes 
with an addition of varnish or wax. In resinous oil colours, the linseed oil is 
sometimes replaced by amber or copal varnish, or by copaiva balsam. The 
petroleum colours contain besides a certain quantity of this substance con- 
siderable proportions of linseed oil and amber varnish. Water colours ’differ 
in principle from oil and varnish colours, the adhesive used being gum 
Arabic solution, and in some cases prepared ox-gall and glycerine. Caseine 
colours are mixed with caseine; distemper colours are mixed with yolk of 
egg with or without the white of egg and acetic acid. 

The “Miinchener Gesellschaft zur Forderung rationeller Malverfahren” 
gives a list of pigments which are lasting and have no bad influence on 
each other. These so-called normal colours are as follows : 

Zinc white. 

Naples yellow, light and dark. 

Cadmium yellow, light, dark and orange. 

Indian yellow, Chinese yellow. 

Light ochre, dark ochre, gold ochre. Terra Sienna. Native or burnt, in 
all cases. 

Umber, native or burnt. 

Iron oxide, English red, &c. 

Terra Pozzuoli. 

Vermilion, cinnabar. 

Madder, rose, dark, violet. 

Ultramarine. 

Cobalt blue. 

Paris blue. 

Cobalt green. 

Chromium oxide green, real. 

Chromium oxide green, emerald green. 

Green earth, native and burnt, Bohemian and Veronese. 

Asphalt (sparingly). 

Ivory black, vine black, Frankfort or German black. 

Painter’s colours: 

Dll F*** Bohoonfeld A Diisseldorf, Germany. 

Dr. Roth’s Inertol: 

Paul Lechler, Stuttgart, Germany. 

Palladium. Pd. A heavy metal, belonging to the group of “Platisvm 
metals" (q. V.). Atomic weight = 100.3; S. G. 11.8; M.P. 1700®. 

Palladium dichloride, PdClj, is of some importance as it is used in analysis 
for the estimation of carbon monoxide. Pd is used commercially for 
manufacture of “silver foil". 

For Germ. Pat. 157172 on colloidal palladium, see “Platinum". 

Palladium and Compounds: 

Johnson MatheyA Co. Ld., Hatton Garden, London E.C. (see advt.). 

Palmiaeol see “Cbtylouaiacyl". 
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'iifi Ai*id (n-hexadecylic acid). CieHgjOa = CH 3 (CHpn . COgH. 

tuent of mostanimal and vegetable fats in the form of glycerides ; 

.? n'^nbTdn^ from palm oil by saponifying the latter, decomposing the 
chiefly 0 “f the palmitic acid by fractional crystallization. It is a wf t 
f “’?irwh?te powler crystallizing from alcohol m scales or needles. M. P. 32 C. 

(withVrtial decomposition); under a pressure of 100 mm 
* .,rv\e boiling point is 268.6'> C. The commercial product is frequently 
Limitine Tto palmitates of the alkali metals (soaps) dissolve in 
'f' tl^S^irdecompLtion, but with excess of H,0 they are split m o 
“"Srlnd aJiid salt (which separates out). The other palmitates are as a rule 
^luble in H,0 and partly soluble in alcohol. 

Palm Oil An oil obtained from the fruit of the oil paXm {Elaeu, guineetms\ 

A " -m flats) The oil is prepared in West Africa and South America by 
,4wtro «Wis). extracting with water. The exported fruit is sometimes 

’’iiWe^ted to hydraulic pressure and sometimes extracted wi^th petroleum 
1 or ct. fresh the oil is colourl^ but it rapidly “ 

JllowSi tinge. PoHL’s method for decolourizing the oil consists m heating 

The'’ firahly ^prepared oil has a distinct odour of violets which is lost on 

exjosure to tie air At lower temperatures it solidifies, the 

270 and 42.50 (according to the variety). 2— 0..)7 (at 15.5 ). 

number 51 1 • S. G. of ^e fatty acids (at 100®) 0.839. 

Palm oil is used largely in the manufacture of stearme candles and soap, 
as a lubricant, in Turkey red dyeing and in tin plating. 

Palm wax see “Vegetable wax’’. 

Pancreon. A pancreatic preparation which passes ‘.’'rough the stom^h 
unchanged. In order that the pancreatine may not be 4®®‘royed by the 
pepsine of the stomach the substance is converted into “f'^r"' ^ 

Ld acids by treating it with tannic acid. The pancreatic /perm 

and the presence of 10 % tannic acid has no objectionable influence (Germ. 

Pat. 128419). 

Pans. 

Copper pans: 

Volkmar Haenig* Comp., Heidenau-Dresden, Germany (see front part advt.). 

Friedrich Beckmann, Berlin SO. 16, Bruckenstr. 0b (see advts.). 

Papaverine see “Opium and opium alkaloids”. 

Paper. Sheets which are prepared by the felting of fine fibres 
wet state. The best paper fibres are obtained from rags, less valuable papers 
are obtained by using rag substitutes such as wood, straw, esparto &c. ine 
rags of flax and hemp supply the most durable papers; then 
and finally half wool and half linen. Wood substitutes are used in tbe form 

of shavings as well as cellulose. , „ 

The manufacture of paper is carried out in three stages: 1. the prep 
of the fibres, 2. the preparation of the paper material, 3. the finishing 

fn the preparation of the fibres various operation are necessary 
rags or rag substitutes are used. If the paper is made from rags 
stage may be split up into four phases, namely: 

1. Sorting and cutting the rags. 

2. Cleaning. 

3. Tearing up the rags. 

4. Bleaching* 
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The sorting of the rags is done by hand; it is preceded by a cleaning process 
which is carried out by means of a rag thresher, that is a machine provided 
with a peg drum. 

For cutting the rags a cutter is used. The best are those which are fitted 
with vertical Knives as then it is sufficient to pass the rags through the machine 
only once. 

The further treatment of the cut rags is divided into a dry (mechanical) 
and a wet (chemical) cleaning. 

For cleaning the cut rags a “rag duster'' is employed. The chemical 
cleaning is carried out by boiling with alkaline liquids, e. g. soda, caustic 
soda and especially lime. 

The third phase is the reducing of the rags to small pieces, that is, the 
preparation of the raw material ; the process is subdivided into the preparkion 
of the “half stuff" and the “whole stuff". Machines, in which rotating discs 
studded with knives tear the wet stuff, are almost exclusively used. 

The preparation of the “whole stuff" is only a continuation of the last process; 
the washing is not carried out in the rag machine itself but in special drums. 

The bleaching is now done almost always with chlorine. It is carried 
out preferably in special apparatus, which take about 750 kg stuff and 
contain 2 washing drums. 

See “Bleaching". 

The manufacture of wood stuff and shavings is treated in the article “Wood 
stuff", that of cellulose and sulphite cellulose under “Cellulose". 

In the second stage in the manufacture of paper, namely the preparation 
of the paper material, three phases can be distinguished: 

1. Mixing, whitening, filling; 2. sizing; 3. colouring. 

The mixing of different “whole stuffs" and the addition of substitutes 
depend entirely upon the kind of paper required. The bleaching must not 
be carried too far in order to preserve the structure of the fibres; on this 
account it is necessary under certain conditions to “blue" or “white" the 
material in order to attain a purer white. The first mentioned operation con- 
sists in the addition of ultramarine, the second in mixing with white clay 
(kaolin), or patent white, heavy spar, &c. As these substances at the same 
time level the paper by filling the pores this process is sometimes known as 
“filling". 

The papers thus obtained from the materials are in all cases porous and 
absorb liquids (filter paper, blotting paper). If they are to be used for writing 
or painting they must be sized. A distinction is made between sizing in the 
material (before the formation of the paper) and sizing in sheets (after the 
making of the paper). The sizing in the material (tub sizing) is performed 
almost exclusively with gum (vegetable sizing); on the other hand the finished 
paper is almost always coated with animal size (surface sizing). 

The last phase in the preparation of paper material is the colouring. Just 
as in sizing, so in colourmg there is tub colouring and surface colouring 
(colouring in sheets). 

As soon as the paper material is finished, the real paper making begins- 
The material is stirred with water to a mUk or pulp of the requisite thick- 
ness, but from which the lumps, sand, &c., must be first removed. The material 
is then transformed into moist paper by removing the water and felting the 
fibres ; the moist paper is then pressed, dried, ironed, cut, and sized. 

All these operations are carried out by hand to a small extent only; the work 
is almost exclusively performed by machines. 

See also “Filter paper", “Papier maoh 6" and “Cardboard". 

Test. To determine the ash 1 — 2g paper are dried at 100 — 105® un^ 
the weight is constant, then carboniz^ in a platinum crucible, and heatea 
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imtil the weight is constant; if lead compounds are present, the heating 
must be carried out in a porcelain crucible. Reimann^s ash balance which 
•rives results correct to 0.26 % is generally used. The presence of wood shavings 
can be shown by using an aqueous solution of aniline sulphate, which is turned 
troldcn yellow by paper containing wood shavings, or a solution of phloro- 
[rlueino acidified with HCl which is turned red. 

’ The thoroughness of the sizing can be determined according to the following 
method of Leonh^di: A drop (about 3 eg) of iron chloride solution con- 
taining 1.53 % Fe is brought on to the paper to be tested and allowed to act 
as many seconds as the paper weighs grammes per square metre, and then the 
remainder quickly absorbed with blotting paper. After drying, the other side 
is painted with an aqueous tannin solution. If an immediate black 
colouration is the result, the paper is not well sized ; with w'cll sized papers no 
colouration takes place. 

To test for resin size a few grams of paper arc boiled with absolute alcohol 
and a few drops of acetic acid and the solution poured into distilled water; 
if the mixture turns milky resin is present. The presence of resin may also 
b(‘ shown by pouring a few drops of ether on the paper; if after evaporating, 
the places in question show a transparent edge resin is present. 

Animal size may be tested for by boiling 5—10 g paper with as little 
distilled H 2 O as possible, filtering the solution, evaporating down to a small 
volume, and adding a tannin solution; the formation of a greyish-white 
flaky precipitate shows the presence of animal size. To avoid mistakes as 
to this precipitate (starch also under certain conditions gives a precipitate 
with tannin solution) it is examined microscopically after the addition of 
iodine solution: size is turned brownish -yellow by this agent, and starch dark 
blue. The presence of starch may, however, also be shown by laying the paper 
m dilute iodine solution in which the paper turns light blue to dark blue 
according to the amount of starch present. 

With regard to the microscopic testing of paper for the kinds of fibres 
contained in it, the following method of W. Herzberq (Lunge's “Chemisch- 
twhnische Untersuchungsmethoden", Bd. Ill, Berlin 1900) may be given: 

According to the thickness 2 — 5 square cm of paper are boiled for one or two 
minutes with dilute (2 — 4 %) sodium or potassium hydroxide and while as 
not as possible well shaken several times. The pulp thus obtained is brought 
on to a fine meshed wire sieve and freed from lye by washing with water. 

Ihe preparation of the fibres is carried out by using an aqueous potassium 
uxuue solution of iodine, or a zinc chloride iodine solution. 

ic iodine potassium iodide solution consists of 6 parts iodine 10 parts 
potassium iodide, 10 parts glycerine, and 90 parts HgO. 

10 chloride iodine solution is prepared from 100 parts zinc chloride 

m.o parts pota^ium iodide, 0.6 parts iodine, and 75 parts H.O; after the 
P settled the clear solution is decanted. 

determination of the different sorts of fibres it is necessary to 
fibres^ colour, but also the structure and sizes of the separate 

testing of paper (the strength test) cannot be here fully 
ball. mentioned that the tests must be carried out in 

dircpf' l^hid out which is the long and which is the cross 

wisp ^ paper, two strips equally long can be cut lengthways and cross- 

paper and then both laid in water; the strip which 
Pm Daost distinguishes the cross direction.) 
ibe fibres are dyed as follows: 

^Machines for manataotaring paper; 

eraer Pfleiderer* Perkins Ld., Peterborough. 
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Fibres 

Colour! 

Iodine KI solution 

ition in 

Zn Clj Iodine solutior 

Group I 

linen, hemp, cotton 

light to dark brown ; 

light to strong 
wine red’) 

Rag fibres 

thin lamellae almost 
colourless 

Group II 

wood cellulose 

grey to brown 

blue to red violet 

Cellulose fibres 

straw cellulose 
and jute 

grey 

blue to blue violet 


esparto 

partly grey, 
partly brown 

partly blue, 
partly wine rod 

Group III 

wood shavings, 

partly luminous 

citron yellow to 

Woody fibres 

raw jute, 
badly treated, 
cell stuffs 

yellow-brown, 
partly yellow, 
according to the 
thickness of the 
layers and degree 
of liquefication 

dark yellow 


straw stuffs 

partly yellow brown, 
partly yellow, 
partly grey 

partly yellow, 
partly blue 
partly blue violet 


Paper making : Recovery of caustic Soda : 

Ernest Scott A Co., 2 Talbot Court, London E.C. 

Papier mach6. Plastic substances made of paper stuff and binding materials 
and then moulded. Another kind is made by cementing together (with glue 
or other cementing agent) numerous sheets of paper. The objects after 
drying are varnished. 

For laboratory purposes M. A. Petit recommends the following. The 
material which consists of 85 % collulose and 15 % rags is moulded and 
dried by hot air in iron cylinders. The dried material is then steeped in 
solutions of resin oils, again dried and treated with more oil. After the final 
drying vessels are obtained which are flexible, impenetrable and acid-proof. 

Papyrin sec “Parchment paper”. 

Paraamidophenol see “Photographic chemicai^”. 

Paraffin. A wax dike substance which is obtained from American petroleum, 
from earth wax, shale oil, and tar (especially from brown coal-tar). The 
above mentioned raw products arc first submitted to a fractional distillation 
in order to free them from lower boiling constituents. The residue is distilled 
under diminished pressure by passing in superheated steam. The distillate 
after cooling in filter presses is separated into two parts : the solid paraffin and 
the liquid paraffin oil. The cooling is now almost always carried out with 
the help of freezing machines, which renders it possible to obtain paraffin 
from much more dilute solutions than formerly. The crude paraffin is coloured 
yellow by the enclosed oils and colouring matters, and so cannot be directly 
used. On this account the cakes just as they come from the hydraulic press 
are melted repeatedly with 10 — 15 % benzine and pressed hydraulically at 
80 — 200 atmospheres. The runnings from the first pressing are eniployeu 

') If the fibres appear bluish the solution is too concentrated and must be 
carefully diluted with HjO until the pulp turns red. If the cellulose fibres are 
coloured red and not blue the solution is too weak ; it can usually be rendered usa 
by adding ZnCl,; if this is not successful a new solution must be made. 
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further in the mixing and crystallization, while those of the subsequent 
pressings are used for the first pressing of a new portion. In order to remove 
the odour of benzine the paraffin is treated with high pressure steam in iron 
cylinders and mixed while still liquid with decolourizing powder; e. g. the 
residue obtained in the manufacture of prussiate of potash (to the extent 
of 0.5^-3 %). Animal charcoal and finely -divided well-dried clay have also 
been used as decolourizing agents. To remove the decolourizing powder the 
liquid paraffin is filtered through paper and allowed to solidify in moulds. 

Germ. Pat. 162341 for obtaining paraffin from brown coal-tar consists 
in distilling off the low boiling constituents, such as photogene, light paraffin 
oils, &c; the residue is then separated, after the crystallization of the paraffin 
by means of the centrifuge and filter press into solid paraffin and the higher 
boiling tar oils. The decolourization of paraffin is to a large extent carried out 
technically with the so-called “decolourizing powder”, which was formerly 
obtained in large quantities as a by-product in the manufacture of prussiate 
of potash. This powder contains 30—40 % animal charcoal, large quantities 
of 8 i ()2 and silicates, as well as small amounts of FcgOg. As prussiate of potash 
is now manufactured by other methods the supply of decolourizing powder 
would probably have failed were it not for the fact that several prussiate of 
potash factories still work according to the old method. 

The American decolourizing powder is now much used; it consists of 
magnesium hydrosilicate, is very cheap, but possesses much smaller decolour- 
izing power than that rich in animal charcoal derived from the prussiate of 
potash manufacture. 


According to the method of refinement the solid paraffin is a white semi- 
transparent mass; the hardness and other qualities vary according to the 
purity. We can distinguish between soft paraffins M. P. 
tolli 9 L 5 0.88—0.89, and hard paraffins M. P. 52— 58®, S. G. 0.898 


Tt is used for impregnating marble, for dressing cloths, for rendering materials 
waterproof; making paper transparent and soaking matches, but the greater 
quantity of paraffin is used for making candles. 

A special kind of solid paraffin is obtained from ozokerite and bears the 
special process of purification this yields the paraffin 
Tb I' • which IS used for pharmaceutical purposes, 
the liquid paraffin commonly known as paraffin oil is an oily colourless 
liquid without taste and smell. S. G. 0.880—0.895. B. P. above 360®. 
S P obtained from petroleum by fractional distillation has a 

in . j treating with superheated steam its viscosity is 

ncTeased, which renders it more valuable as a lubricant. 

EST. The crude paraffin mass is cooled to 2 — 3®C, pre 8 .sed between 
melting point of the pressed and weighed paraffin 
p-in K method of Holdb for the exact determination of paraffin 

( 20 — ^ ^ substance is dissolved in ether in a test tube 
f being taken to avoid excess of ether. An amount of 

tinio ^Joohol equal to the ether taken is gradually added and at the same 
cooled to —20 or — 21^0. If the precipitated 
alcnbAi XL® I'UO pasty, a little more of the mixture of equal parts of 
of — 90^ n added and the paraffin flakes filtered off at a temperature 

an i j purpose the filtering funnel is fastened by a cork into 

rock tubulated glass bell jar, and the latter filled with a mixture of 

is aidpd so that the funnel is cooled from the outside. The filtration 

of fbo 1 ^ suction. ^ The precipitate is then washed with a fresh quantity 

a wpi which is also cooled, and finally washed with hot benzene into 

and ^ ® j ® ^ The benzene is evaporated first on a gently heated, 

rwards on a boiling water bath, the dish is then carefully dried outside 
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after 


and the residue kept in a drying oven for Va hour j . 

ogling in a dessioator. In &trate froS Ste fbst 
of paraffin must also be determined by again evaporating “'“'’““t 

fmaUy on account of the solubdity of griffin in ^cohol^et W 
ne^sary to add 1 % to the total percentage of paraffin formed ^ ^ 


Holde s method is, however, not appHcable to soft paraffin- the n,„fi j , 
Eisenlohb is then employed:— 0.6 g substance are disLlved iT 
alcohol, 25ccm H„0 added and the mass eooled to — 18“ or — 
paraffin is then filtered as in Holde’s method and washed wifh I'lJt. i 
(at — 18“) of 80“ Tralles until the filtrate no longer become.? milky on tk 
addition of water. The paraffin is dried in a vacuum dessicator at 35 — 400 
about 6 hours are necessary for the substance to attain constant weight 
Further it is necessary to determine the percentage of water and mochaiucal 
impurities in paraffin. For the important determination of the melting point 
the following process is usually employed (Hallenser method), as agreed 
upon by the “Verein fiir MineraI61-Industrie'\ 

A small beaker about 7 cm in height and 4 cm diameter is filled with water, 
heated to about 70®, and a small piece of the paraffin to be tested thrown 
on this warmed water — the piece must be so big that after melting it forms 
a circular mass about 6 mm in diameter. As soon as this becomes lii|uid a 
thermometer is dipped, by means of a contrivance determined upon by tlie 
“Verein fiir Mincralol-Inclustrie"', just so deep that the long mercury bulb 
is completely covered with water. As soon as a thin skin forms over the surface? 
of the melted paraffin the solidifying point is read on the thermometer. During 
this operation the beaker must be carefully protected from draughts and tlie 
breath of the operator must not be allowed to affect the surface of the liquid. 
The melting point can also be very easily determined according to the general 
method in a capillary glass tube. 

According to Graefe small amounts of ceresine in paraffin may be tested fur 
by dissolving 1 g of the substance in question in 10 cem CS.>, and adding 
to 1 cem of this solution lOccm alcohol-ether (1 : 1 ) at 20®. If a precipitate 
is formed which remains flaky after warming and cooling again, then (ceresine 
is present. 


Paraform see “Formaldehyde''. 


Paraformaldehyde see “Formaldehyde". 

Paraldehyde, ( 021140 ) 3 . Ordinary aldehyde (q. v.) polymerizes under the 
influence of small quantities of acid giving the (medicinally) valuable par- 
aldehyde, a clear, colourless liquid of ethereal smell, which freezes on cooling 
and melts at 10.5®. B. P. 124®, S. G. 0.998. Readily soluble in alcohol and 
ether, less so in water (particularly in warm water). 

Paraldehyde : 

C. Erdmaim, Leipzig* Lindenau. 

Paranephrine. A substance prepared from the suprarenal glands which 
increases the blood pressure. It is obtained from the gland without the aid 
of acids and alkalies. Sold in sterilized solution 1 : 1000. It is used to stop 
bleeding; internally for bleeding of the stomach and intestines, and to stop 
bleeding in operations, gynaecology, &c. 


Paranitraniline see “Nitranilinb". 
Paraphenylenediamine, see “Phbnylbnbdiamine". 
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Parchment paper. (Papyrine, vegetable parchment.) If paper is treated 
Iv a certain process with strong sulphuric acid a starch-like body, amyloid, 

■ produced, and on this principle rests the manufacture of parchment paper. 

of concentrated sulphuric acid is diluted with 126 g of HjO. Clean, 
unsized paper is dipped into the solution for 3 — 12 seconds (according to the 
thickness) and then washed well to free it from all traces of the acid. A 
elatinous coating is formed by this treatment which renders the paper trans- 
parent waterproof and tough. Ammoniacal copper oxide or zinc chloride 
solution can also be used instead of the above named substance for making 
the solution. The parchment paper which is also sometimes oiled with paraffin, 
is then passed through a calander (polished hot rollers), to increase the smooth- 
ness. It is used for packing, bindmg books and many such purposes in place 
of real parchment, and it is employed for diaphragms for osmotic and electro- 
lytic purposes. Coloured parchment, prepared in a particular way serves as 
a substitute for leather. 

Paris blue see “Iron colours**. 

Paris lake see “Cochineal**. 

Paris red see “Lead colours**. 

Parodyne see “Antipyrine**. 

Pastel colours. The crayons or chalks for pastel painting have to bo made 
in all possible tones and shades as the colours cannot be mixed except in very 
rare cases. The colours are made of many different kinds of pigment, with 
kaolin, gypsum glue, gum Arabic, &c. As a rule the pastel colours are pressed 
into crayons, but they can be procured in the form of powder and also as 
a paste. 

According'to Germ. Pat. 148214, crayons are made by damping the colouring 
matter, graphite, cosine, &c. with a fluid, which is soluble in water but does 
not dry, such as glycerine. The resinous adhesive, colophony, is then added ; 
this obviates the injury to the colour frequently caused by melting the resin 
with the pigment. 

Pasteurization sec “Milk** and “Preserving**. 

Patchouli, oil of. An essential oil obtained from Pogosiemon Patchouli 
by distillation with water. It is a viscid brown oil, S. G. (at 15®) 0.97 — 0.99 
which, on account of its powerful odour, is extensively used in perfumery. 

Patent red see “Mercury colours**. 

Patent yellow see “Lead colours**. 

Patina see “Metals, colouring**. 

Pearl white see “Bismuth colours**. 

Peat. The most recently formed fossil fuel. It has been formed by the decay 
of plants, and the process is still proceeding. 

Peat is obtained in various ways according to its nature. It is cut out by 
spades or machineiy in the form of bricks and dried in the air. When it is too 
muddy or too earthy it is taken up in buckets, sieves or dredging machines 
and moulded after drying. In the latter case it is also frequently placed in 
moulds and dried. Machines are generally used which cut up the dredged 
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material and stir it (if necessary with water) to a uniform pulp wich is spread 
out on dryng grounds and then moulded after some time either by hand or 
machinery. Another method is to dry the natural peat in centrifugal macliinea 
then to grind it and after another drying, to press it into shape by steam- 
heated presses. 

To make peat a more uniform and valuable fuel it is dried in special peat 
kilns. It is also frequently converted into peat coal by heating to 250 — 400° C- 
in this form it is suitable for metallurgical purposes. This peat coal produces 
about 6500 heat units, i. e. the amount produced by a medium quality coal 
the cost of production is said to be about 3 shillings per ton of peat coal. 

Apart from its use as fuel, peat when crushed is used in agriculture as a 
manure and as litter, as a disinfectant, as an excellent non-conductor of heat 
as a packing material, and in making porous bricks ; peat paper and peat card 
board are also known. The peat of highland marshes in particular is used as 
litter after preliminary drying, raking, drying again and finally tearing by 
machinery into fibres of the length of a finger. The dust formed 
in this process is sifted off and mixed with 2 % H2SO4 for use as a strong dis- 
infectant, &c. 

Peat coal see “Peat”. 

Peat gas see “Wood gas”. 

Pegamoid see “Leather substitutes”. 

Pegu see “Catechu”. 

Pengine. Obtained from a mixture of milk-sugar and pure rennet. 

It is a fine white powder readily soluble in water and in milk. It causes 
the latter to coagulate readily. 1 litre milk may be coagulated in 2 — 3 minutes 
by the addition of 8 — 10 g pegnine. The milk is first boiled and then cooled 
to 40® before the ferment is added. After curdling the milk is vigorously 
shaken until the curd has disappeared. Peguine is an excellent medium for 
this purpose and serves to make milk much more digestible for infants, chil- 
dren, and adults. 

Peppermint, oil of. {Oleum Menthae piperitae.) An essential oil obtained 
by the distillation of the fresh leaves and flowers of Mentha piperita. The 

E lants are mown like hay and then allowed to dry since the dried plant can 
e completely distilled in 30 to 40 minutes, while the fresh plants require from 
1 to 2 hours. 

Commercially three kinds are distinguished, viz. English, German, and 
American, the English or Mitcham oil being the best. 

It is a clear colourless or pale yellow oil with a strong smell of peppermint 
and a burning taste, which afterwards leaves a sense of cold on the tongue, 
S. G. 0.895 — 0.926. The following constituents have been recognized:— 
menthene (40 — 80%), limonene, menthol (20 — 55%), and menthonc. The 
menthol is the most important constituent. The latter forms colourless crystals 
M. P. 43®, B. P. 212® which have the odour and taste of peppermint. 

Oil of peppermint is used in perfumery and in the manufacture of liqueurs. 
It is subject to adulteration. 

Pepsine. A digestive ferment obtained from the mucous and rennet glands 
and the fresh mucous membrane of the stomachs of calves (more rarely 
pigs) by extraction with very dilute hydrocliloric acid or very dilute alcohol. 
The liquid is evaporated at a low temperature (below 45® C). The residue is 
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subjected to various processes of purification without however producing an 
absolutely pure pepsine. 

Pepsin is an important pharmaceutical preparation as it is able to digest 
coagulated albumen in the presence of hydrochloric acid (Peptonizing). 

According to French Pat. 355560 those preparations of pepsine which are 
rendered soluble by the action of HCl but which do not keep well, may be 
made more stable and readily soluble in water by mixing them ’with the 
hydrochlorides of certain basic compounds (c. g. certain amido-carboxylic 
acids). Such substances are,* the hydrochlorides of betaine, glycocoll, 
leucine, and alanine. 

Peptones. Intermediate products formed during the digestion of proteids 
by pepsine in presence of hydrochloric acid. They are used as nutrients by 
patients suffering from dyspepsia but are now less used than formerly on 
account of their unpleasant bitter taste. They are generally prepared from 
meat or caseine by processes of which the details are not disclosed. 

According to French Pat. 355805 the process of obtaining peptones from the 
fibroin of silk (by distillation with HCl in vacuo below 40 o) is simplified and 
made cheaper by substituting H2SO4 or H3PO4 for the HCl. The excess of 
the former may be removed by means of a calcium or barium salt whereas 
the excess of HCl had to be removed by means of a silver salt. 

Perborates. Salts of perboric acid. According to Engl. Pat. 26790 (1904) 
sodium peroxide, boric acid, and a suitable zinc or magnesium salt arc allowed 
to react in aqueous solution. The most important perborate is sodium perborate 
Na.B^Oa + lOHjO; for its preparation and use, see “Sodium compounds”. 

Perchlorates. Salts of perchloric acid HCIO4. The method of preparation 
almast exclusively used until recently will be found under potassium perchlorate 
in the article on “Potassium compounds”. Recently electrolytical methods 
or producing perchlorates from chlorates have become very important 
According to Winteler’s investigations (Zeitschr. f. Elektrochemie VII, 644) 
perchlorates may be readily obtained from chlorates but not from chlorides. 
Inc formation of perchlorate is favourably affected by the addition of bi- 
chromate and sodium chloride, adversely by addition of sodium hydroxide. 
Uie degree of concentration of the electrolyte appears to be of little importance 
^ current density. The bath should not be too 

cold. The only metal suitable as electrodes appears to be platinum. The use 
ot bichromates in the electrolytic production of chlorates and perchlorates is 
pro ec ted by Germ. Pat. 136678; sec “Chlorine -alkali process, electro- 
i^YTicAL . A number of other patents are described in the same article. 

Percresan. A disinfectant consisting of a mixture of cresols, water, and 
^oap. It IS a pale yellow liquid which dissolves in water to the extent of 5 % 
^ving a clear solution. Stronger solutions are cloudy. It dissolves in alcohol 
T but is only partially soluble in petroleum ether and benzene, 

b the form of a 1 — 2 % solution it is a valuable disinfectant. 

subject includes the whole manufacture of fragrant pre- 
perfumes (fragrant waters, essences, and tinctures), pomades, 
let soaps, hair oils, incense, &c. 
e materials used are partly natural and partly artificial, 
kin^rjf perfumes are for the greater part derived from the vegetable 

perFii^*^’ luusk, amber, and civet are of animal origin. The artificial 
partly imitations of natural substances, partly preparations 

riAfn.. pleasant on account of their smell, or their resemblance to the 

natural perfumes. 
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In the manufacture of artificial perfumes extraordinary progress and result 
have been recently made; see articles on “Tebpenes” and “Essential oils 

The perfumes of plants can be only partially obtained by pressing, extract! 
and distillation ; others are so easily decomposed that they can only with 
difficulty be obtained by special methods. The perfume is extracted by means 
of fat by one of two methods, the method of infusion (maceration), and cn- 
fleurage. In the method of infusion the blossoms are treated with slirditiy 
warmed fat (60 — 70 o) or fatty oil, the flowers are removed after a few hours 
and replaced by others until the fat is finally saturated with the perfume 
In enfleurage the blossoms are spread out between thin layers of cold fat 
poured out on glass plates, and then daily replaced by fresh flowers; after 
about a month the fat is saturated with the perfume. Some perfumes for 
instance jasmine, and tuberose, can be extracted in no other way, but for 
various other perfumes this process has been more and more displaced by the 
extraction method. As a result of the careful investigations of A. Hesse 
it has been proved that jasmine and tuberose blossoms do not contain 
already formed any large amount of perfume but that traces of it are bein<: 
continually formed and emitted. In this case enfleurage alone is of for 
this process differs from all other processes for obtaining perfumes in that 
the flowers can keep on producing perfume which is continually absorbed 
by the fat. 

In the extraction method the flowers are first treated with quite pure 
carbon disulphide or petroleum ether, then the extraction liquid after standing 
for 24 — 48 hours poured off over other fresh flowers. When finally the extraction 
liquid is saturated with the perfume after the process has been often 
repeated it is carefully evaporated on the waterbath. The residue is a fatty 
mass which is scarcely % of the amount of flowers taken; it contains, 
however, the total perfume and is then dissolved in alcohol. The flower essences 
obtained by one of these methods are known as eoctraita ( extraits d' odeur), 
es^its, and bouquets. The extracts obtained by the extraction of flowers with 
olive oil are known under the name ^'huiles antiques*'. Solutions of volatile 
oils in spirits are known as essences. 

The manufacture of perfumery essences of natural and artificial perfumes 
has reached a stage of high perfection in Germany. 

For a long time so-called fixateurs have been used in perfumery, that is, 
substances by means of which the perfume is retained better and which 
prevent its rapid evaporation; thus for instance amber is a well known 
fixateur. According to Germ. Pat. 144002 benzyl salicylate possesses this 
fixing property; 1 part of the ester is added to about 1000 parts of the finished 
perfume. 

Perfumes, artificial. These are described under special headings, e. g. Musk, 
PiPBRONAL, &c., &c. 

Apparatus for manufacturing perfumes: 

Volkmar Haenig A Corap., Heideaau -Dresden » Germany (see front part advt.). 

Synthetic Perfumes: 

Oscar Wender A Co., Dresden, Germany. 

Perhydrol. Pure hydrogen peroxide (q. v.). 

Periodic system of the elements. 
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Group 

Highestsalt- 

forming oxide . • • 
Hydrogen compound 





V 

M.O, 

MH, 

Period 0 Series 0 

1 “ 1 

H - 1 

Li 7.01 

Be - 9.08 

B - 10.9 

C - 11.97 

N - 14.01 

.1 2 “ 2 

Na - 23 

Mg- 24.3 

Al - 27.04 

Si - 28.3 

P = 30.96 

•• 3 “ 3 

K “ 39.01 

Ca = 

39.91 

Sc -- 43.97 

Ti - 48 

V - 61.1 

.. 4 

Cu = 63.18 

Zn 

65.10 

Ga = 69.9 

Ge - 72.3 

As = 74.9 

.* 4 “ 6 

Rb - 85.02 

Sr - 87.3 

Y - 88.9 

Zr - 90.4 

Nb- 93.7 

6 

Ag = 107.71 

Cd = 111.7 

In - 113.6 

Sn - 118.1 

8 b - 119.6 

•< 5 “ 7 

Cs 132.7 

Ba - 136.86 

La -= 138.6 

Ce - 141.2 

Di = 146 

“ 8 

“ 9 

“ 10 

Au = 190.2 

Hg - 200 

Yb = 172.6 
T1 -204 

Pb - 206.4 

Er - 166 

Ta - 182 

Bi = 207.6 

6 “ 11 

— 


— 

Th - 232 

— 



VI 

MO, 

MH, 

VII 

M,0, 

MH 

VIII 

Highestsalt- 
forming oxide . . . 
Hydrogen compound 

MO, 



Period 0 Series 0 

_ 

_ 





— 

'• 1 “ 1 

0 - 16,96 

F - 19.6 

— 

— 

— 

“ 2 *• 2 

S - 31.98 

Cl - 36.37 


— 


• 3 3 

Ce = 62.45 

Mn- 64.8 

Fe - 56.9 

Co - 68.6 

Ni - 68.6 

‘ 4 

Se - 78.87 

Br - 79.76 

— 

— 

— 

‘ 4 •* 5 

M = 96,9 

— 

Ru - 103.6 

Rh - 104 

Pd - 106.36 

6 

Te = 126 

I - 126.5 

— 

— 

— 

■ •' 5 “ 7 

— 

— 

— 

— 

— 

8 



— 


— 

— 

9 

W = 183.6 

— 

Os 191.12 

Ir - 192.6 

Pt - 194.34 

10 

— 

— 


— 

— 

“ 6 “ 11 

U == 240 

— 

— 




Permanent green see “Chromium colours”. 


Permanent white see “Barium colours”. 

Permanganates. The salts of permanganic acid. They are described under 
the respective metallic compounds. 

Germ. Pat. 145368 deals with a method for the preparation of the per- 
manganates of the heavy metals, the earth metals and of the alkaline earths 
by electrolytical means with the simultaneous formation of alkalies, H, 0 
or Cl. The mixture of the permanganate of an alkali metal with the oxygen 
or halogen compound of the corresponding metal is electrolyzed in the anode 
compartment oi an apparatus provided with a diaphragm. 

According to French Pat. 337629 any permanganate inay be prepared from 
barium manganate. The latter is obtained by passing air, free from CO 2 , oyer 
8- dry mixture of pyrolusite and an alkali heated to a red heat and precipitating 
the solution of the melt with baryta. 

Permonite. An explosive consisting principally of ammonium nitrate, 
potassium perchlorate and trinitrotoluene. It was introduced into the potash 
with considerable success in 1905. 

Bliioher. 32 
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Pernambuco wood. 


Pernambueo wood see '‘Red wood**. 

Peronine. Benzylmorphine hydrochloride. It is obtained j 
Germ. Pat. 91813 by the ^tion of benzyl chloride on morphine 
of the reaction is washed first with water, then with a 
of caustic soda and then recrystallized from alcohol. It is rwJ*’ “‘v,'”” 
powder only soluble with picultv. It is used as a substitute for nTorl ‘“ 
and codeine to aUeviate the coughs of patients suffering from lung tr„t 

Persio see “Orchil**. 

Persulphates. Salts of persulphuric acid, H«S.>Ofl The acid ia nnf i 
in a free state; the salts are obtained by electrolytical methods 

The most important of these salts is ammonium persulphate 


/SOj— SO,. 

NH, .■0<(^ ‘No . NH„ 

n/ * 


Juinhate electrolysis of a saturated solution of ammonium 

of ?^wfth M T “ tempomt:;: 

i-he 1 : U ‘ persulphate separates as a solid and 

heforil^- neutralized after the removal of the pcrsiilnhata 

carbonate”* employed for neutralizing islmmonium 

by^h^Xj^oTv^is oTV^S?^^^ Tl“ according to Germ. Pat, 81404 

of NaafeO,. The two electrodes are separated by a norous 
diap^agm; the formation of Na,S.O, takes place in theTnod/cduX 
The eIoT‘T“ and H,S 04 , the cathode chamber contains only H,.su’ 

Juttli soUdTa rn and from time to tim.: 

tralize the H o added to the contents of the anode chamber to neii- 
tralize the H.SjO, there formed. Potassium persulphate K,S-0. is produced 

cmDlov*i^in°3^1m°^ ^ saturated .solution of potassium bisulphato. The current 
employ^ m 3 amp and the process is carried out with cooling. 

del^onmLfoT^* * 1 ^® manufacture of persulphates, or rather a special 
bv n'd h!!lhra “ “ade of a cell separaled 

sulnhflte containing a platmum anode and a lead cathode. Alkali 

“u**?® “®'^® 60 % H,SO, in the cathode 

chamfer. The current strength is 60 amp. per 1 sq?m. tL cathode liquid 

Si for^nrtion'h be ^rengthen^ with H.SO,; Ld the persulphate must 
on formation be removed and replaced by sulphate. ^ ^ 

of neuTrhl rwently been successfully obtained by the electroly.sia 

simnUficafZ^^^f ^ *’'® "®® diaphragm, which is a considerable 

Serafa^rof Uo® P"®®®f ’ ^he wort can be carried out at a 

iT^^emsf ^k’ li j®"® addition of chromate. On the whole 

of fk!^i 1 • carbon cathodes act most satisfactorily; the physical state 
of the platmum anodes does not seem to affect the yield to any^ great extent, 
Pat^ hoj^ever, for ammonium persulphate. Germ. 

S sniSa ^1^ * k® ®f fluorine compouiids in the electrolysis 

ThriSdtf^o f kir®]i^ '^^®“ substance is used is considerably increased. 

t . fl?®*™® compounds is a point of great importance in tlie 
preparation of potassium persulphate. ^ 

oT,'^“l?r»^““i*’®^?.“*P^?‘® “.“*® ®“® o* persulphates manufactured 

8ulnhi3whtk’ ? ^®' oi>t»iued from this Sompound. The per 

ir!?olo« ^ are of practica importance will be found dewribed under the 

articles dealing with the metals in question. 
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balsam. By this name are known various oily, resinous aromatic 
v^tances of which the San Salvador variety is the most important. This 
tained from the Myroxylon Pereirae, The tree is partially stripped of 
h and the balsam caused to exude by lighting fires round the trunk. 

Peru balsam is a dark-brown, syrupy liquid with a bitter taste and a strong 
/ of vanilla: S. G. 1.136 — 1.150. It quickly dries in the air. It consists 
h>flv of benzyl cinnamate and contains in addition resin, benzyl alcohol, 
chinamic acid, stilbene, benzyl benzoate and some other aromatic substances, 

but no essential oil. . , , , . . . r 

On account of its high price Peru balsam is liable to adulteration, it is fre- 
auently adulterated with fats, essential oils and sometimes with syrup. It is 
an officinal preparation and is also used as a substitute for vanilla in the 
manufacture of chocolate. It is further employed in perfumery. 


Peruol. A 25 % solution of peruscabine in castor oil. It is prescribed for 
external use in itch, and, as a preventive against animal parasites as a colourless 
and odourless substitute for Peru balsam. 


Peruscabine. Benzyl benzoate. . CeH^. The active con- 

stituent of Peru balsam which is now prepared synthetically. It is used in 
the same manner and for the same purpose as peruol (q. v.). 


Petitgrain oil. This oil belongs to the series of orange oils and is obtainwl 
from the small unripe fruits, flowers, calyces and leaves of Citrus Bigaradia. 
S. G. 0.887—0.900. Amongst the aromatic constituents the following have 
been recognized: — bergamot oil, linalool and linalyl acetate. 

Pciroclastito see “Safety explosives”. 


Petroleum ether see “Benzine”. 


Petroleum benzine see “Benzine”. 


Petroleum (mineral oil, naphtha). The crude petroleum as obtained direct 
from the wells, is a yellow-orown to tar-black viscid fluid with a greenish 
fluorescence and a most disagreeable smell. Native oils with a pleasant smell 
arc rarely found. Many kinds of petroleum quickly solidify after exposure 
to air, on account of the separation of the solids such as paraffin, asphalt, &c. 
Others again very rapidly lose their volatile constituents if means are not 
immediately taken to prevent this loss. The S. G. of crude petroleum varies 
as a rule between 0.98 and 0.94, although oils occur of lower (0.76) and of 
higher (0.97) density. 

The petroleum oils consist principally of hydrocarbons. In some kinds, 
small quantities of compounds containing oxygen, nitrogen and sulphur occur. 
Crude petroleum can only be used for a few purcoses. It is therefore usually 
distilled and separated into different fractions. These fractions, however, are 
not equivalent to definite, well-characterized chemical compounds, but are 
rather determined by practical considerations and experience. The distillation 
of crude petroleum is according to Hobfbb carried out as follows: — 


Variety of oil 

I. Easily volatile oils. 

1. Petroleum ether 

2. Gasoline 

3. C-Petroleum naphtha. Petroleum ben 

zine. Safety oil 

4. B-Petroleum naphtha, Ligroine . . . 
-5. A-Petroleum naphtha, Cleaning oil. 


Boiling Point 

40—700 

7O--.800 

80—100® 

100 — 120 ® 

120—160® 


Specific Gravity 

0.65—0.66 

0.64—0.667 

0.667—0.707 

0.707—0.772 

0.772—0.773 

32 * 
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Petbolbum. 


Variety of oil 

II. Illuminating oils. Petroleum and 
Kerosene. 

Illuminating oil I 

“ “ II 

“ “III 

III. Residue. 


1. Heavy oils, a) Lubricating oil 

b) Paraffin oil ... 

2 . Coke 


Boiling Point Spec.fic Gravity 


160—2000 

200 — 250 0 0.753 — 0 864 
260—3000 ^ 

over 3000 over 0.83 

““ 0.7440—0.8588 

— 0.8588—0.959 


The amounts of the separate fractions obtained from different crude petro- 
leums are not always the same, but vary considerably, which fact naturally 
affects the value of the different products. According to Germ. Pat. 133426 
the crude oil should be purified with HNO 3 before distillation in order to 
separate the sulphur, asphalt and resinous compounds. After the treatment 
with HNO3 the acids and the newly formed acid nitro compounds are 
neutralized with 0.3 — 0.5 % Ive and then removed by reduction with finely 
divided metals such as Zn, Al, &c. 

The distillation of crude oil was formerly always carried out by a periodic 
system. At present, however, the distillation is performed, whenever possible, 
without interruption. The distillation is carried out in boilers of various 
types, the fuel used being as a rule the residue from previous distillations or 
inferior crude oils. Superheated steam is seldom used, and coal is never used 
except in cases where the crude oil is distilled away from the district of pro- 
duction. The gases are caught in pipes, tubes or box coolers, and in recently 
constructed distilleries in surface condensers where they are condensed. 
A special process for the continuous distillation of petroleum, for removing 
the more inflammable oils, is protected by Germ. Pat. 143078. According to 
a lecture given by Aisinmann of Campina at the V. International Congress 
for Applied Chemistry, Berlin 1903, the following 3 principal types of apparatus 
for the uninterrupted distillation of mineral oil are used. (Chem Zeitschr. II, 
p. 669.) 

1. Nobel's System and modifications of the same are characterized by the 
fact that the distillation is carried out in a series of boilers (1 — 16), which are 
joined together and connected with the feed reservoir of crude oil. With 
a constant level of liquid a constant fraction is obtained from each boiler 
in which the temperature is also constant. This system wastes no heat and 
is a rapid and productive method of working up the raw material. Preliminary 
heating of the raw oil before distillation is also now carried out by a heating 
apparatus, which works continuously and uses up much of the heat from 
the residues which was formerly wasted. This system is, however, only suitable 
for large works, since the equipment is rather expensive and considerable 
quantities of oil are necessary to make the process continuous. 

2. ScHUCHow's System and Modification. This system is suitable 
for medium sized refining works with sufficient space and equipment. The 
system is characterized by the fact that only one boiler with a column is made 
use of for continuous distillation. The hot gases rise from the boiler through 
the column thus heating (on the principle of counter currents), the continuous 
flow of crude oil entering at the top. The oil reaches a certain temperature 
in the different divisions of the column and thereby loses certain fractions. 
Further fractionation, however, is more complicated and needs special appa-* 
ratus. 

3. Rossmaessleb’s System and Modification is characterized by the 
continuous injection of the crude oil into a vessel heated to a certain tem^ 
perature. This process is accompanied by considerable danger of suddeo^ 
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losion of gas, and in cases where the decomposition proceeds further the 
^rodiicts will be inferior and require to be redistilled. 

P A large number of patents is taken out every year dealing with the subject 
of the petroleum distillation, but without offering anything essentially new 
in the method of procedure. It is therefore sufficient to quote here the numbers 
of a few of the most recent without going into details. The following deal 
with the fractional or continuous distillation of crude mineral oil. Germ. 
Pat 151415 153422, 154755 and 163385; the Engl. Pat. 7207 (1903); 
the Amer. Pat. 755760, 764138 and 768796 and the Belgian Pat. 176833 and 
179662. 

For the distillation of Gorman petroleum, see Germ. Pat. 169952. 


Tn the first distillation only two fractions are as a rule collected. 

1. Crude benzine, S. G. 0.74 — 0.76; B. P. up to 150® C. 

2. Kerosene (illuminating oil), S. G. 0.75 — 0.870. The rest of the material 
forms the residue from which most of the heat is derived for the preliminary 
heating of the next supply. 

The crude benzine contains the products contained in the table I (above). 
It is fractionated by another distillation (dephlegmating). The substances 
obtained from this distillation are then used in the following ways: — 

Petroleum ether. Solvent for resin, caoutchouc and oil; for pharmaceutical 
purposes and also for producing cold. 

Gasoline. An extracting agent for obtaining oil from seeds. Is used for 
removing fat and oil from wool, for carburetting coal-gas, for burning in 
specially constructed lamps (gasoline lamps), and for propelling motors. 

Ltgroin (Naphtha, benzine, cleaning oil). The fractions of crude benzine 
which have a boiling point above 160® pass under those and other names. 
They are used in chemical cleaning works, in the manufacture of rubber, 
for extracting resin, and vaseline, for the purification of wax, for cleaning 
machinery, as substitutes for turpentine oil, for diluting oil colours and also 
for lighting in the so-called benzine or ligroine lamps. 

The second fraction of the distillation of crude oil, which includes the oils 
used for lighting purposes proper, is subjected to chemical purification, by 
being first treated with concentrated sulphuric acid and then with soda lye. 
During the process of refining, compressed air is now usually injected, for it 
has been found that this greatly increases and hastens the effect. In this 
manner the product kerosene oil, the most valuable constituent of mineral oil, 
generally known under the name of petroleum, is obtained. 

The residue after the separation of the contents with a boiling point under 
3(X)®, is further worked up in various ways into such products as lubricating 
oil and vaseline. For details compare „MrNERAL oils“ and ,,Vaseline‘\ 

Numerous processes have been published dealing with the purification of 
mineral oils, and the separation of the sulphur compounds, in addition to 
various processes for renaering it colourless and without smell. According to 
Germ. Pat. 159028 mineral oils are dried by causing evaporation during a 
process. In this way the HgO is eliminated. 

I he Amer. Pat. 744720 gives a method for the separation of the sulphur 
The petroleum is treated with a slightly acidified aqueous solution 
of I^oS04, NaCl and CUSO4, petroleum being then stirred up by a current 
of air. According to Germ. Pat. 160717 metallic sodium is added to the 
oil before distillation in order to separate the sulphur impurities. 
Ane Na not only combines with the sulphur but also works catalytically, 
and can be again used for further operations. A by-product in the manufacture 
or pot^sium ferrocyanide (by the old method) known as decolourizing powder, 
8 nsed for rendering mineral oil colourless. This powder consists of 30 — 40 % 
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animal charcoal, large quantities of sihoa -i* 

By the more modern methods of preparing LtaJium?**® 'ron ovis 

the powder is no longer obtmnei^: tirelf^o™ '• 

for the purification of petroleum, since fle„e^.i r/l. this 


fo7rh;i;;ificrti;nT/p7t;^^^^^^^ 

oM system. See also „Ibon compounds^. The American din £ 

effects the sa4 S but 

satisfactory manner. ooject but in a much Ie.ss 

Many inventors have attempted to render Detmlcm r , 
according to Germ. Pat. 141298 small quantities of essenHa/'^'^l" 
carraway, turpentine, &e.) in the presence of ellt.iil oils (oil of 

petroleum Germ. Pat. 147163 rLSiSs the S t 

especially formaldehyde, for the same purpose. The re^St k ,.f 

it Kg .“?!•? -S t:s: 

outihot^meTl.inShidiSirelde"^^^^^^ 

should further be made 7 X eLi tt 

the distilled petroleum can be reSed odourl^s according to which 

of permanganates, persulphates or of chXmic aoW att 
Experiments have roeenflv Wr, f ^ temperature, 

petroleum by similar methods tA fhn purpose of obtaining solid 

oiXheimatriS solidZtTab.sorbid'bri^ptum, shavings 


petroleu^ produSs^'^™”'*^"* adopted the following nomenclature for 

" "" 

3. St bSe^' s' G 0 ®**’'^*' distils at 80«C. 

distilling at a tempeVature above 1(W» C.'Tw^ Xn^tae® I’g. O^VlT^rTS? 
wS Xu/aSXXooor^ *9®“9- conteins less than 6'%'of sulwtances 

S. G 0 750-T.770. S- G. 0.730-0.750. 6. Cleaning oil, 

PENsXaDmratua^‘’‘8°''T^;‘^- 28“ C, or above (Abel- 

colour 1 T d Kerc 0.820-0.823, flashes at 38" C or above, 

XZ2 5 10 A«^r„bn n ^o,®;» 1^0-826. fishes at 28»C or above, 
irXronanhthf S C 'n at40-460C, colour 2, 5. 

12 Gm X S P’ or above, coloured. 

O882!"0.8Vhashrafl^8^"’ ^• 

(XX-pXsS7n™; 0-885—0.895, flashes at i:)0«C 

flMhira at lubricating oU, S. G. 0 . 895 — 0 . 900 , 

inK^r*- '*^*®cosity (Enolbb) at 50® C 2 4—2 9 16 Machine 

lubneatmg oil, S. G. 0.905-0.910, flashes' at IsL^lst^ Xcosity^7y*. 
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solidifies at — 10®. 17. Cylinder lubricating oil, S. G. 0.911—0.920, flashes at 
010^245® C, viscosity 12.6, solidifies at 5®C. 18. Valvoline or viscosine, 

t;, Q 0.926—0.936, flashes at 290—310® C, viscosity at 100® C 5. 19. Mazute 
for the manufacture of oils, S. G. 0.908 — 0.916, flashes at 160® C or above, 
viscosity at 60® C 6 — 10. 

Fuel. 20. Mazute, collected from the surface of petroleum residue, S. G. 
0 ^95 0.935 or above, flashes at 270® 0 or above (see "Mazute^). 

Petroleum distilling apparatus : 

KritHlrioli Heckmann, Berlin SO. 16, Briickenatr. 6b (see advts.). 

Pharmacy. 

Pharmaceutical apparatus: 

W. rm r Pfleiderer & Perkins Ld., Peterborough. 

Phellandreiic see “Terpenbs”. 


Phenacetine. Acetyl p-phenetidine. 


NH(CO . CH3) 

Phenetidine (q. v.) is first prepared and this is then converted into the 
a( (‘tyl derivative by boiling with acetic acid. 

A white, shining, odourless and almost tasteless powder, M. P. 135®, soluble 
with difficulty in water, readily in alcohol and freely in boiling alcohol. It is 
prescribed as an antipyretic and antineuralgio. Dose for adults: 0.5 — 0.76g, 
every 3 — 4 hours; for children 0.5 — 0.2 — 0.5 g. 


C,H/ 


Phenetidine. p-amidophenctol. 


NH^ 


In order to prepare it phenol is first nitrated and then the para compound 
Hf'paratcd from the ortho compound. The former is then converted into 
the ethyl derivative by the action of ethyl chloride. The ethyl derivative can 
then be reduced to the corresponding amide compound. 


Phcnocoll. Glycocoll -p-phenetidine; amidoacetyl -p-phenetidine. Chlor- 
acetylchloride is allowed to act upon phenetidine and the oxycthylmonochlor- 
acctanilide converted into phenocoll by the action of ammonia. In the form 
of its salts, phenocoll is used as an antipyretic, antineiiralgic and antirheumatic. 

nmol (Carbolic acid.) . OH. 

9 in obtained from coal-tar and principally from the carbolic oil fraction, 

zlO— 250®. This fraction is treated with caustic alkalies in which the phenols 
issolve. The alkaline solution is separated from the portion that is not attacked 
ana then decomposed by the addition of mineral acids. Phenol is also obtained 
roni the light oils which are for this purpose mixed with the carbolic oils, 
be amount of soda solution necessary is determined by a preliminary experi- 
^ dilute solutions S. G. 1.09 — 1.095 are used. The oil and 

of ai °^xed either by mechanical stirring or by blowing in a thin stream 

The solution of sodium phenolate thus obtained is then freed from dissolved 
^^phthalene) by a current of steam and then decomposed 
itn LOg or with H2SO4. The use of COg is more economical since furnace 
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Sr -<1 Na.C 03 ia Obtained . » , 

The carboUc wid thus prepared is washed several times w.>h . ^ 

then sold as crude carbolic acid, generally after a furtheTdisT « 

the fraction between 176 and 210 ® is collected. The crude phenol 7^ r 
to 1 . 065 ) contains about 40 % phenol in addition to cresolV&o f 
purify it the crude acid is redistilled until the principal fraction 
solidifies on cooling to 8—10® The mother liquor is either allowed to 

centrifugal machines. The crystals must he 22 
distilled if the product is required to remain colourless in the air. ^ 

The crystallized phenol thus obtained still contains cresols. In order to 
remove these the substance is treated with 12— 15 % of water and cooled to 
— go to —10® at which temperature a pure hydrate of phenol separates 
while the corresponding o-cresol remains liquid even at 20®; m- and p-cresols 
form no hydrates. By means of centrifuges the crystalline matter is separated 
from the liquor and 90 % carbolic acid obtained by distillation. By repealing 
the process chemically pure phenol is obtained. The last distillation is carried 
out preferably in vaciw in earthenware apparatus. 

The treatment given above (formation of hydrate and cooling) leaves 
as a residue a mixture of the three cresols. If steam distillation has been 


previously used this mixture is free from hydrocarbons and completely 
soluble in dilute as well as in concentrated soda lye. In case the tar oils have 
not been removed by steam distillation the product will still be soluble in 
concentrated soda lye but the hydrocarbons are thrown out of solution 
when the solution is diluted. This mixture containing no phenol is technically 
known as crude or “90 to 100 %*\ “95 to 100 %*' or “100 % crude carbolic 
acid”. (In England it is usually known as “cresylic acid”.) Formerly the 
same name was used for the mixture of all the tar phenols, and even now 
“crude carbolic acid” is the term u.scd for the raw material employed in the 
manufacture of crystalline phenol. 

The low grade carbolic acids, which are on the market are the coal-tar 
fraction collected at about 200®. The percentage numbers denote the amount 
soluble in dilute soda lye. 

Germ. Pat. 147999 dealing with the separation of the phenols of coal-tar 
from the neutral oils should be mentioned here. Neutral Ca-salts of the phenola 
are obtained by the action of lime or bavsic calicum phenolates on the phenols 
in presence of H2O at a temperature below 70®. The solutions obtaincii 
are freed from the dissolved neutral oils &c. by distillation, preferably in vacuo, 
at a temperature at which the salts are not decomposed (about 60® C). After 
this treatment the liquors are decomposed into phenols and basic calcium 
phenates by further ^stillation in vaevx) at 100® C or by distillation under 
normal pressure. The purified solutions may be also decomposed by| mineral 
acids. 


The synnthetic production of carbolic acid is rapidly gaining in importance, 
since by this method it is obtained in a much higher state of purity than is 
possible when prepared from coal-tar. The low prices of benzene nave rendered 
possible a syntnetic production of carbolic acid. The process falls naturally into 
two phases: 1. The preparation of benzene-sulphonic acid by the action of 
fuining H2S04on benzene: CeHe -f HgSO^ = . SO3H -f HgO, and 2. the 

fusion of sodium benzene sulphonate with caustic soda giving sodium 
phenolate CeH^ . SOgNa -f 2 NaOH = CeH^ONa -f Na^SOg + H^O- 
Usually 200 kg of sodium benzene sulphonate are fused in an non 
vessel with 100 kg sodium hydroxide ; carbolic acid is readily separated from 
the sodium phenolate by acids. In the case of tar phenol the cresols, the Imst 
traces of which cannot be eliminated by any process, are very undesirable 
impurities in various industries, e. g. in the manufacture of picric acid ana 
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salicylic acid. Synthetic carbolic acid is of course, on account of its purity 
excellently suited for pharmaceutical purposes, except for the fact that’ 
it is not in great favour with chemists as it is almost odourless, while the 
intense tar-like smell of cresol has come to be considered characteristic of 
carbolic acid. At present, it is true the synthetic production of carbolic acid 
is not a prominent industry on account of the low prices of the usual product. 

Crude carbolic acid is a brown oil with a penetrating smell. Pure carbolic 
acid forms largo, colourless, rhombic needles; M. P. 39— 41®, B. P. 180—181®. 
Soluble in 15 parts H 2 O, miscible with alcohol, ether, benzene, glycerine, fats 
and essential oil. Carbolic acid is strongly antiseptic and when concentrated 
very corrosive and poisonous. 

(Carbolic acid is chiefly used as a disinfectant, but also in the preparation of 
salicylic acid, picric acid, azocolours, oxidized triphenylmethane colours, &c. 
Carbolic acid: 

Doinoinr & Co., 8 Harp Lane, London E.C. 

Urotlu'rton & Co. Ld., City Chambers, Leeds. 

Carbolic acid apparatus: 

Friedrich Heckmann, Berlin SO. 16, Briickonstr. 6b (yoe advts.). 

Phenol derivatives see “Benzene compounds", “Nitrophenols", &c. 


Phenoline. A disinfectant, identically the same as Lysol (q. v.). It is a cresol 
mad(‘ soluble m water by saponification. It is prefered to pure carbolic 
acid by physicians as it is less caustic and more jdeasant to use. 

Phenolphthalein. Its constitution will be found under “Pyronine Dye- 
stuffs". It is used as an indicator (see “Alkalimetry"), also medicinally 
and for denaturing purposes. 

Phenyform. An antiseptic odourless powder prepared from phenol and 
ormaldchyde. It has antiseptic and deodourizing properties and is used as 
a non -poisonous antiseptic dressing for wounds, &c. 


. Phenylene diamine. The m- and p-eompound are the most 

important commercially, chiefly for the manufacture of dyestuffs. 

rn-p cnylene diamine is prepared by reducing m- dinitro benzene or m-nitrani- 
>1 T r .According to the Germ. Pat. 130742 it is obtained 

u ro ytically from m-nitranilinc in aqueous solution in prosenc(‘ of an alkali 
Th! ^ ^ copper cathode with or without the addition of copper dust. 

Grcrm. Pat. 131404 provides for the use of cathodes of 
Elbs has shewn that an addition of copper dust is absolutely 
unsf .hu obtain m-phenylene diamine. — The pure base is very 

Finn n ^ either used at once or converted into the hydrochloride. 

^ needles soluble in water; M. P. 63® C; B. P. 287® C. 

ben 7 Pnl^M- ^1 reducing p-nitraniline or amido-azo- 

a cnmrn aniline) by means of H 2 S. The free base is stable and is 

a commercial product. 

in ( water. The commercial article is dark -brown or black 

B. P. 267®. p-phenylene diamine is the active 
cl various hair dyes, though for this purpose it is unsuitable in 
consequence of its poisonous nature. 


Phenylgiycocoll carboxyUc acid 
Phenylpropiolic acid. C.H.C • 


“Indigo dyestuffs”. 


WHiiWffi'®*'® C,H,C : C . COOH. A 1-3% solution ot the 

I IS recommended as an inhaiant in cases of tuberculosis. 



506 


PhBN YLURETHANE . 


Phenylurethane see “Euphorine”. 

Phosgene. COClg is obtained by passing a mixture of chlorine and CO i 
molecular proportions over animal charcoal. It is a liquid with a 8ufffirn+- ^ 
odour, S. G. 1.432 (at 0°); B. P. 8.2®; readily soluble in benzene and HaoS 
acetic acid. It is decomposed slowly by cold, and rapidly by hot watcT with 
formation of COg and HCl. It is used in the manufacture of dyestuffs ^ 

Phosphates see under the respective metals. 

Phosphates : 

Willy Manger, Dresden, Germany. 

Phosphor bronze see “Bronze*'. 

Phosphor steel see “Iron alloys”. 

Phosphorus. P. A. W. 31.03. In nature phosphorus occurs almost entirely 
in the form of phosphates, especially as calcium phosphate Ca3(PO^)2. (jf 
the mineral phosphates the following maybe mentioned: phosphorite Ca.5(P()j; 
apatite 3 Ca3(P04)2 + Ca{ClFe)2; vivianite Fe3(P04)2 + 8 HoO; wavellite 
2 AlJPOJg + AlolOH)^ -P 0 H2O. These mineral phosphates are not used 
for tnc manufacture of phosphorus, which is almost exclusively obtained from 
the calcium phosphate of bones. The bones are either burnt to remove the 
organic matter, or the glutinous substances are extracted by treating tiie bonesi 
in autoclaves with superheated steam. Finally, the calcium phosphah* of the 
bones may be extracted with HCl and re- precipitated from this solution with 
milk of lime. 

The impure calcium phosphate Ca3(P04)2 obtained by one of these methods 
(containing magnesium phosphate, calcium carbonate, and calcium fluoride) 
is only very incompletely reduced to P by heating with C; on this account 
it is first converted into monocalcium phosphate by treating it, in leaden vats 
tarred on the inside, with H2SO4 free from arsenic, after it has been previously 
stirred with hot water. The reaction, which is completed in 48 hours, ( an be 
expressed by the equation Ca3(P04)2 + 2 H2SO4 = CaH4(P04)2 + 2 CaS(h. 
The resulting paste is treated with more HgO and, after the CaS 04 pr(Hd])itatu 
has settled, the clear monocalcium phosphate solution (S. G. 1.05 1. Op 
is run off. The liquor is then evaporated in leaden pans until the S. G. is 1.45, 
separated from the CaS04 which has been set free, and heated to dryness with 
27 % rough slack in boilers over the fire flame. The product is then heated 
in fire-proof clay retorts at first moderately, when the monocalcium phosphate 
is converted into calcium metaphosphate: CaH4(P04)2 = Ca(P03)2 4 2 Both 
It is then heated to a bright red heat when the phosphate is reduced to ph(3.s- 
phorus 3 Ca(P()3)2 -f 10 C P^ + Ca3(P04)2 -f 10 CO. If quartz sand l)e 
previously added to the mixture the whole of the phosphate is reduced. 
2 Ca(P03)2 f 10 C h 2 SiOa = P4 + 10 CO + 2 CaSiOg. The phosphorus 
vapours which distil over are collected under water in suitable earthenware 
receivers. 

The crude phosphorus thus obtained contains many impurities ; it is refined 
either by filtering the molten phosphorus through coarsely powdered bone 
charcoal, or by treating it with a chromic acid mixture. Of late years, however, 
the process of refining by distillation has become more common. The piirifica 
phosphorus is melted under water and then by means of an aspirator 
sucked into glass tubes which are dipped in cold water where it solidifies m 
the form of sticks. 

Recently the preparation of phosphorus by the electric current has 
more important. (To-day half of all the phosphorus manufactured is produc 
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rlatrolytically). Sodium phosphate or the natural calcium phosphate are 
used and these compounds (the latter frequently after treatment with H2SO4) 
after being mixed with charcoal and sand are placed in the electric furnace. 
The air of the furnace is first replaced by coal-gas and the electric arc is then 
forni^ ; a vigorous reaction takes place and the phosphorus vapours distil over 
and are caught in suitable receivers under HgO. 

The phosphorus thus obtained is a colourless and transparent wax-like 
substance which becomes yellow in the light. S. G. 1.84. It is as soft as wax 
at ordinary temperature but when cold is brittle. M. P. 45® C; B. P. 294®. 
It is volatile even at ordinary temperatures. Insoluble in HgO, readily 
aoliiidc in carbon disulphide, benzene, chloroform, and sulphur chloride. 
It is very poisonous, emits light (in the air) in a dark room and ignites at 75®, 
on account of the latter property and the readiness with which it oxidizes it 
must be kept under water. 

If the ordinary phosphorus (also called yellow or crystalline phosphorus) 
he lu'ated in closed iron vessels to 250 — 300® it is converted into the so-called 
red or amorphous phosphorus. This is a red or reddish-brown mass, not acted 
on by the air, insoluble in CS2 and the other solvents for yellow phosphorus. 
It is tasteless and odourless, non -poisonous, is non-luminous in the dark, and 
only ignites at a temperature of 260®. If distilled in an indifferent gas it is 
converted into the crystalline phosphorus. 

Great interest has been excited over the so-called bright red phosphorus 
recently discovered by Schenck. It is obtained in a finely divided state for 
the manufacture of matches. The bright red phosphorus is obtained by heating 
ordinary white phosphorus in boiling phosphorus tribromide. This modification 
of phosphorus is quite different from the red P obtained by th('. dry heating 
of the yellow P, and consists of a solid solution of approx. 30 parts PBrg in P. 
Bright red phosphorus is non -poisonous but still very readily enters into 
reaction; it is used principally for the preparation of such matches as strike 
on any surface. See “Matches’". 

Yellow phosphorus is used for the preparation of phosphor bronze, phos- 
phoric acid, and other phosphorus compounds, as w(‘ll as for the manufacture 
of coal-tar dyestuffs. For most of these purposes the red phosphorus is 
preferred where it can possible be used. Large quantities of yellow phosphorus 
have been used for the manufacture of matches, but there is now a tendency 
to restrict its use for this purpose. 


Phosphorus compounds. In this article only those compounds which 
are of technical importance are treated. Other phosphorus compounds will 
be found under separate headings. 

1. Calcium phosphide. Ca2P2. This substance is obtained by heating 
hme in a crucible with a specially constructed cover. A pipe which is long 
enough to reach to the bottom of the crucible is let into the cover. The phos- 
phorus is fed into the crucible while the crucible and iron pipe are red hot. 

phosphide mixed with calcium phosphate is formed 14 CaO -j- 14 P 
r ? ^^'^2 + 2 CajPjO^. Calcium phosphide, which can also be obtained by 
ii^smg Ca3(P04)2 with lime in electric furnaces, serves for the preparation of 
phosphoretted hydrogen. 

CHLORIDES. 

Phosphorus trichloride. PCI3. Obtained by passing dry chlorine 
over amorphous phosphorus which is heated in a retort. A clear colourless 
liquid which fumes strongly in the air and causes tears. S. G. 
fo ^ b Solidifies at — 112®; B. P. 76®. This substance is a good solvent 

8 ul P . mixes with ether, benzene, chloroform and carbon di- 
^ pnide. It ia decomposed by HjO. It is frequently employed as 
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b) Phosphorus oxychloride. POCI3. Obtained by the distillation of 
1 part of anhydrous oxalic acid and 2 parts of phosphorus pentachloridf' 
or by treating PCI3 with KCIO3. Germ. Pat. 138392 protects a method for 
obtaining this substance by passing Cl over a heated mixture of carbon and 
a metaphosphate. Such a mixture is obtained for instance by the partial 
reduction of calcium phosphate with carbon as carried out in the ordinary 
process for the manufacture of phosphorus. POCI3 is a clear very mobile 
Hquid of the colour of water, which fumes in the air, S. G. at 0 ^ of 1.712 
It solidifies on cooling to a crystalline mass which melts again at — l 50 
B. P. 1080. 

c) Phosphorus pbntachloride. PCI5. Obtained bv passing dry chlorine 
into a solution of P in CSj. PCI3 is first formed and this is again converted 
into the crystalline PCI5. The crystals are white or pale yellow ; they sublime 
without melting at 100® and melt under increased pressure at 148®. When 
treated with H2O it decomposes with formation of POCI3, which on the addition 
of more H2O passes into phosphoric acid. This property of reacting with 
hydroxyl groups renders PCI 3 very important as a reagent, especially in 
organic chemistry. 

3. Phosphorus tribromide. PBr3. This substance is obtained by dissolv- 
ing the theoretical quantity of P and Br, separately in CSg, mixing the two 
at a low temperature, then removing the solvent and finally rectifying the 
product, or Br may be very carefully dropped on to amorphous phosphorus; 
only the first dropSj will cause a flash. According to a preliminary notice by 
Christomanos, Ber.d.Chem.Ges.l904,37,2883,very pure phosphorus tribromide 
is obtained (yield 88 %) by the action of Br on common yellow P under a layer 
of benzene. PBrg is a clear mobile liquid. S. G. 2.925 (at 0®); B. P. 175®. 
It fumes strongly in the air and decomposes in presence of HgO with evolution 
of heat. 

4. Phosphor- copper, sec “Copper alloys". 

5. Phosphoric acid. 

a) Phosphorus pentoxidb. P2O5. Obtained by the rapid combustion 
of phosphorus in a current of dry air in iron cylinders. It forms a white, 
snow-like, loose powder, which absorbs moisture from the air with great 
avidity, forming metaphosphoric acid. P2O5 -f- HgO ~ 2 HPO3. 

b) Phosphoric acid (ordinary phosphoric acid), orthophosphoric acid. 
H3PO4 is obtained by the decomposition of calcium phosphate with dilu^ 
H2SO4 in accordance with the equation Ca3(P04)a + 3 H2SO4 = 2 HaPlh 
-f- 3 CaS04. This acid is, however, very impure and can scarcely be obtained 
pure. When perfectly pure phosphoric acid is required it is obtained by the 
oxidation of phosphorus with HNO3, the reaction being much assisted by 
the addition of a small quantity of Br or (better) I. According to French 
Pat. 340272 phosphates are mixed with carbon and distilled in vacuo at a 
temperature not exceeding 800®, the vapours of various phosphoric acjds 
pass over and can be caught in H^O or alkali. The Engl. Pat. 2284 (U94) 
recommends heating natural aluminium phosphate to about 800 ^ no 
being made of carbon or a vacuum. The phosphoric acid vapours arc removed 
by suction and absorbed by HgO or alkali. 

Pure orthophosphoric acid, when evaporated at a temperature of 10 > 
is a colourless syrup, from which large very hygroscopic crystals 
On heating, the HgO passes off, and at 200 — 300® the acid is converted m 
pyro-phosphoric acid H4P2O7. At 400® it passes with further loss of 2 
mto metaphosphoric acid HPO3. This acid solidifies to a colourless gia* 
Phosphoric acid is used for making phosphates and hydrogen peroxide. 

6. Phosphorus sulphides. If amorphous phosphorus is fused with ^ 
in any proportion, compounds such as phosphorus sulphide, 
sesquisulphide and phosphorus trisulphide are obtained. Large quanti 
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of phosphorus sesquisulphide are made by mixing red phosphorus with a 
slight excess of sulphur and heating slowly to 330o in an atmosphere of CO«, 
Phosphorus sesquisulphide is used tor making the n - j - . 


* . ^ so-called non-phosphoroua 

matches which ignite on any surface. Compare “Matches’". 

6. Phosphob-Tin, see Tin alloys. 

Photogene, see “Solab oil”. 

Photography. The value of illustrations as a help to the understanding 
of the written text has greatly increased, most particularly perhaps in scientific 
and technological subjects. Many things can bo properly explained only by 
the help of illustrations, e. g. in text-books, catalogues, prospectuses, &;c. 
Such illustrations are, however, not as a rule as valuable as they might be if 
the expert, the inventor and the maker were all consulted by the artist. Too 
often the work is carried out by an artist who attempts to make too artistic 
a picture, or the result of the photograph is not sufficiently good, so that 
either the maker has to be content with an inaccurate illustration or he has 
to have another photograph taken. Further it is not always convenient to 
introduce a photographer into works, laboratories, &c. where processes are 
kept secret. 

For these reasons it seems advisable that all people concerned should 
be able to reproduce illustrations, since in this way the number of illustrations 
would rapidly increase. Moreover their accuracy would do much to make 
them more generally useful. 

Every well-equipped laboratory, factory, &c. should be provided with a 
photographic outfit for the purpose of preparing illustrations of apparatus, &c. 
The subject is of special importance in machine and instrument works where 
the proper illustration of the articles manufactured is an essential. 

^ proper choice of equipment is absolutely necessary for success. The 
author has paid particular attention to this subject and has arrived at the 
following conclusions. 

The apparatus must be adequate to meet all reejuirements but need not 
be 80 expensive as that employed in reproducing works. 

A good travelling camera, square in shape, is very suitable for the purpose, 
ixcd studio camera is not well adaptca for this kind of work, as it is not 
e^iiy moved from place to place. The most convenient size is 13 X 18 cm. 

le lens is a good one and sharp negatives are obtained, enlargements can 
e readily prepared. The camera should be so constructed that it may be 
fin ^ double or even three times its length in order that small objecta 
c as crystals, woven fabrics, &c. may be photographed on a large scale, 
e apparatus must not be too light since the object in view is the preparation 

^ S^od illustrations. The stand must be strong and rigid and 
Ipafif parts. The metallic fittings should bo of nickel or at 

^ ^^*^kel-plat^. Brass should not be employed, since even a short 
rnmAi. t action of acid fumes will seriously affect the parts. Such a 

camera with the stand costs from £ 5-10. 

iBiportaiit feature is the lens. To buy a poor lens is very false 
of tlf * K impossible to obtain good sharp results unless the lens 

ifxjomn ^ One lens is scarcely sufficient and a series of len.ses is 

manv ^^wever, not advisable for the amateur to work with 

also ^ ™ continual screwing on and off wears out the screw and 

knses construction of the lens. With care, however, a series of 

object ma^ cmploy-ed mth advantage and better work obtained. Tho 
chn^ f l^a-ken m various sizes from the same position, the diaphragm 
can^S l^suit the particular case. In this way beautifully sharp nega- 
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An instantaneous shutter is not absolutely essential as time exposures are 
generally given. For some purposes, however, instantaneous pnotof/rapha 
are necessary, e. g. for observing the actions of explosives, for machiiTery in 
motion, &c. For time exposures a pneumatic shutter is most convenient 

In order to obtain the tones in their proper proportions orthochromatic 
plates should always be used. A yellow screen is often useful. Three of these 
should be kept of different depths of colour. For taking photographs of 
apparatus, machinery with bright metallic parts, &c. orthochromatic anti 
halation plates should be used. The addition of acetone sulphite to the 
developer is also recommended for decreasing the amount of halation and 
the prevention of “fogging'' (see “Photographic chemicals"). 

Whenever possible daylight exposures should be made. In some cases 
as for example, when the room in which the photograph is taken is subjtct 
to vibration, or when the object is in motion, magnesium light may have 
to be used. In such cases halation is very liable to occur, and the use of anti 
halation plates and the addition of acetone sulphite to the developer are almost 
essential. The same applies when the photograph is taken by means of the 
arc -light, particularly if the arc itself coiner into the photograph. 

It is immaterial by what process the photograph is reproduced. It is always 
best to send the negative and not the positive to the reproducer as he can 
then proceed in the manner best adapted to the matter in hand. 

The author believes that too little attention is paid to the reproduction of 
stereoscopic photographs, and that in the future such illustrations will be of 
the greatest value for catalogues, &c. 

Photographic chemicals. Only the most important are here discussed. 
I. DEVELOPERS. 

1. Adxjrol. a bromine substitution product of hydroquinone, the pre- 
paration of which is protected by Germ. Pat. 111798. As far as its developing 
properties go it comes between hydroquinone and the true rapid devedopers. 
Adurol may be used to make concentrated, ready -mixed, stock solutions 
(which keep for some time) without the use of caustic alkalis. As this ready 
mixed developer does not turn brown by oxidation in the air it may be used 
repeatedly. Stock solution A: 10 g adurol, 80 g cryst. sodium sulphite, 500 cem 
H 2 O; B: 60g potassium carbonate, 500 cem HgO. For time exposures take 
one part A, one part B, and one part HgO. 

2. Amidol (1:2:4 diamidophenol sulphate). Readily soluble in Hotb 
In contrast with other organic developersit gives very active developing solutions 
with Na 2 S 03 without any additional alkali, i, e. it is used in neutral or slightly 
acid solution like the old iron oxalate developer. It acts rapidly and gives 
well graduated negatives. Stock solution : 200 g cryst. sodium sulphite are 
dissolved in 1000 cem H 2 O, and then 20 g amidol added; for use the solution 
is diluted with 3 — 4 parts water. If the developer is not used often it is better 
to keep only one solution, viz. 50 g cryst. sodium sulphite in 1000 ccni H 2 O 
and to add 0,5 g amidol to 100 cem of the sulphite solution immediately 
before use. 

3. p-Amidophenol (rodinal). The active constituent of rodinal mentioned 

under No. 16. With alkalicarbonates it developes slowly and brings out 
details well, with caustic it acts very rapidly and gives strong contrasts. Stock 
solution A: 20 g p-amidophenol in 1 litre HgO; B: 120 g cryst. sodium sulphd^ 
120 g potassium carbonate in 2 litres HjO; for use, one part of A is mixed wit 
two parts B. , 

4. Pyrooatechine (Catechol; o-dioxy benzene). It develops more slowly 
but more intensely than hydroquinone. The following stock solution is 
recommended: A: 20 g cryst, sodium sulphite in 500 com HjO with 10 g py^^' 
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, .Lino added afterwards; B; 100 g potassium carbonate in 500 ccm H^O; 
mix one part A, one part B, and one part HgO. 

Kdinol (p amidosaligenin). A rapid developer which does not fog 
dves soft and very detailed negatives. Can be used for various 
Cures' The following is a good stock solution: 7.5 g acetone sulphite 
.inw\ 5 2 edinol, 30 g potash and 0.5 g potassium bromide are dissolved 
T,bovc order in 100 ccm H 2 O. This solution diluted 100—300 times with 
in lilt cw j Tho fnllnwincr nHinol-hvdrooumone 


arr in tl. ab:;;c ^n 150 ccm H,0. This 

Enlution when concentrated is used to develop imder-expoaurcs, dduted to 
half strength for normal exposures diluted 4 — 6 times for plates of all kinds 
diluted 6—10 times dilution for bromide papers. 

6 Eikonogen (sodium amido-y9-naphthol-/9-sulphonate). The negatives 
nrodiicod are very harmonious . if the developer is used at a temperature of 
0 or a little below. Lower temperatures produce thin and flat negatives. 
The following solution is recommended: 120 g cryst. sodium sulphite, 50 g 
notassium carbonate and 30 g eikonogen are dissolved in 1 litre boilmg llgO 
and the warm solution poured into well stoppered bottles. This solution mil 
keoi) indefinitely. If it acts too strongly, H.d> should be added, and the 
amount of KoCOo should be halved when very soft negatives are required. 
As ('ikonogen itself works softly it is frequently combined with hydroqumone 
wideh gives harder results. A good hydroquinone-eikonogen developer is the 
following A : 100 g cryst. sodium .sulphite, 16 g eikonogen, 4 g hydmq^^^^^^^^ 
are dissolved in the above order in 000 ccm boiling HgO; ^-.^Og m 

‘>00 com B,(). For use mix 180 ccm A and 40 ccm B, adding 3 drops of 


potassium bromide solution (1 : 10). 

7. Iron oxalate. The acid iron oxalate developer has been to some extent 

forced out of the field by organic developers of alkaline character, though it 
is still much used. It consists of the following solutions : A : 300 g neutralized 
potassium oxalate in 1 litre distilledH^O ; B : 100 g ferrous sulphate in 300 ccm 
distilled H,0, adding 5 drops of pure For use 3—4 parts of A 

mix(‘d with 1 part of B. By using other proportions this developer may be 
modified to an extent impossible in the case of other developers. 

8 . Glycine (p-oxyphenylglycocoll). An excellent developer givmg very 
clear and fine negatives with pure black tones. It develops very slowly , 
admitting of considerable differences of light and shade and is little subject to 
variations of temperature. Stock solution: — 100 ccm H2O, 25 g (;ryst. sodium 
sulphite; after dissolving this 5g glycine are added, the whole stirred, 25 g 
K2CO3 added and the mixture shaken until all the ingredients have dissolved. 
For use the solution is diluted with 3 — 5 parts HoO. Glycine is especially 
recommended as a developer that keeps well, the solution is then made as 
follows; 2g glycine, 500— 1000 ccm HgO (free from air), 2g cryst. sodium 
sulphite and 15 g KgCOg. For normal or under exposed plates the smaller 
amount of water mentioned should be used; for over exposed the larger amount. 

9. Hydroquinone (p-dioxybenzene). A developer much used by amateu^ , 
it gives extremely strong, rather hard negatives of a bluish-black tone, ihe 
image appears comparatively slowly but then develops rapidly. Hydroqumone 
developer does not work well below 18® C. — Stock solution: 40 g cryst. 
sodium sulphite, 5 g hydroquinone and 65 g potash are dissolved in the above 
order in 150 ccm H2O; by placing the vessel in warm water solution takes 
place more rapidly. For use the hydroquinone solution (which keeps well) 
is diluted with 4 — 6 parts H-O. As hydroquinone gives rather hard negatives, 
it is frequently combined with other developers; see 5. Edinol, 6. Eikonogen, 
^^d 11. Metol. 
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10. Imogen sulphite. This is no new developer, but a combination f 

several other developers with the requisite amount of sodium sulphite. Stock 
solution : A : 1 part imogen sulphite in 12 parts HjO ; B : cold saturated Na CO^ 
solution. For normally exposed plates 2 parts A are taken to 1 part foj 
under exwsures 2 parts A, 1 part B and 2 vol. HgO, for over exposures developer 
that has been used is taken, or potassium bromide is added to fresh developer 
The developing takes 4 minutes; the negatives show good detail. ^ 

11. Metol = Monomethyl-p-amido-m-cresolsulphate. This developer 
works exceedingly rapidly and energetically, the whole process taking from 
2 to 3 minutes. Even when the development is protracted the negatives do 
not become hard. Stock solution: 15 g metol, 150 g cryst. sodium sulphite 
75 g K0CO3 and 2 g potassium bromide are dissolved in this order in 1 litre 
distilled HjO. For use this solution is generally diluted with 3 parts of H 0. 
Metolhydroquinone developer is much in favour; it consists of the following 
solutions : A : 400 ccm distilled HjO, 2 g metol, 40 g cryst. sodium sulphite^ 
4g sodium phosphate (Na2HP04), 3.5 g hydroquinone and 2 ccm usual 
fixing soda solution (1 : 100); B: 400 ccm distilled HjO, 40 g KgCOj. For 
use equal parts of A and B are mixed. 

12. Ortol (compound of 2 molecules of meth^l-o-amidophenol 1 mole- 
cule of hydroquinone). It is used without alkali; fixing soda may be added 
which, curiously enough, does nut blur the negatives but clears them. It 
works clearly and strongly, and keeps well. The following are the stock 
solutions: A: 1000 ccm cold HgO, 7.5 g potassium meta- bisulphite, 15 g ortol; 
B: 1000 ccm HgO, 120 g cryst. sodium carbonate, 180 g cryst. sodium sulphite, 
1 — 2g potassium bromide, 10 ccm fixing soda solution 1 : 20. For use 
equal parts of A and B are taken ; when slower developing and softer negatives 
are required one part A is taken to one part B and 2 parts H^O. In B the 
120 g soda may be replaced by 60 g KgCOg. 

13. Paramidophbnol see “3. p-Amidophenol“. 

14. PiNAKOL. P. A concentrated rapid developer which keeps well, con- 
taining pyrogallol (sec No. 15) as the developing substance. Neither caustic 
nor alkaline carbonates are present; they are substituted by pinakol salt N 
(see below) and sodium sulphite. Developing with pinakol P is more rapid 
and the results are stronger and clearer than with the old pyro-developer; 
it also does not stain the fingers or the plates, and does not cause frilling. 
For use the solution is diluted with 8 — 10 times the amount of HjO. 

15. Pyrogallol (1:2: 3 -trioxy benzol). “P^o-developers'" work rapidly 
and are capable of considerable variation. The drawbacks are that pyrogallol 
is poisonous and that the solutions stain the fingers and do not keep well. 
Stock solution A: 100 g cryst. sodium sulphite in 500 ccm distilled HgO 
with 14 g pyrogallol and 6 drops H2SO4 ; B : 50 g cryst. soda in 500 ccm distilled 
HgO. Both solutions will keep for some time in well stoppered bottles, especially 
if kept in the dark. For use 1 part A is mixed with 1 part B and 1 part HjO. 
Beside this pyro-soda developer also pyro-potash developer is used, the stock 
solutions for the latter being as follows : A : 26 g cryst. sodium sulphite in 
100 ccm distilled HgO, adding 10 g pyrogallol and 3 — 4 drops (to slight acid 
reaction) of pure H2SO4; B: 45 g pure potassium carbonate and 12.5 g cryst. 
sodium sulphite in 100 ccm. For use 100 ccm HgO are mixed with 3 ccm A 
and 3 ccm B. 

16. Rodin AL. Concentrated developing solution, the active constituent 
being the p-amidophenol mentioned under 3. The solution consists of 50g 
cryst. sodium sulphite and 25 g KXO3 in 1000 ccm distilled HjO addmg 
5g p-amidophenolhydrochloride. The solution is sold ready mixed; when 
concentrated it keeps for practically any time. It is used strongly diluted- 
When slightly diluted (1 : 10 to 1 : 20) it develops rapidly and produces great 
contrasts, when more dilute (1 : 30 to 1 :40) very slowly and gives soft negatives. 
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17 Unal. This is rodinal in the solid form, containing besides p-amido- 
henol the ingredients necessary for solidification. The corresponding amount 
f the preparation is dissolved in the prescribed quantity of HjO. 


Acetone SULPHITE “Bayer** (Acetone bisulphite) . An excellent substitute 
for sodium sulphite and potassium bi-sulphite in developing solutions. Acetone 
sulphite is also a suitable restrainer for rapid developers, so much so that by 
its aid plates greatly overexposed may be developed satisfactorily. Further 
it is a good preservative for developing solutions, a clearing agent for 
fixing baths and developing papers and finally for darkening the negative after 
the use of mercury intensifiers. 

Pinakol salt N = 20 % solution of sodium amidoacctate. Pinakol salt N 
replaces alkali in organic developers without possessing the disagreeable 
property of the latter of affecting the skin of the operator and the gelatine 
film. Developing solutions made with pinakol salt surpass those made with 
8oda and potash as regards rapidity, strength, and clearness. 

II. FIXING, TONING and COMBINED BATHS. 

Neutral fixing' solutions consisting of one part fixing soda (sodium thio- 
sulphate) in 4 parts HgO are now rarely used; acid fixing solutions are in- 
variably preferred as, besides keeping longer, they harden, the gelatine and clear 
the plates. Acid fixing solution is obtained by adding about 5 cem acid 
sulphite solution (sodium bi-sulphitc) to every 100 ccm. Another method is 
the following: A: 250 g cryst. sodium sulphite, 1000 ccm HgO, 30 ccm cone. 
H2SO4; B: 250 g hypo, lOCK) ccm HjO. The acid fixing bath is then prepared 
by mixing 1000 ccm of B with 50 — 60 ccm of A. An acid fixing salt is also 
sold which gives an acid bath by dissolving in HjO in proportions from 1 : 4 
to 1 : 8. 

In using Toning baths the paper prints are toned before fixing, while the 
combined baths effect both toning and fixing simultaneously. A good toning 
solution is obtained as follows : A : 4 g borax in 1000 ccm distilled HoO ; B : 4.5 g 
fused sodium acetate in 1000 ccm distilled HgO; C: 1 g gold chloricfe in 50 ccm 
distilled HgO. For use 100 ccm A, 100 ccm B, and 8 — 10 ccm C are mixed 
together. 

Acid toning and fixing bath: 250 g hypo., 25 g ammonium sulphocyanide, 
10 g lead acetate, 5 g citric acid and 0.4 g gold chloride in 1000 ccm 
distilled HaO. 

Neutral toning and fixing bath : 250 g hypo, 20 g lead acetate, 10 g 
calcium chloride and 0.4 g chloride of gold in 1000 ccm distilled HgO. 

The manufacturers frequently give receipts for toning and fixing the various 
papers. These prescriptions should be foUowed. There are also ready made 
acid and neutral combined baths on the market. 

destroyer. The fact that the last traces of hypo are very 
difficult to remove from the plates (and papers) while the durability depends 
80 much on the removal of these traces has led to attempts to discover sub- 
stances which wiU decompose the last traces rapidly. The first substance 
of the kind w^ potassium persulphate (anthion), while at present potassium 
percarbonate is recommended. 10 or are dissolved in 1 litre H»0 and the 
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Ill INTENSIFYING and REDUCING, 

Intensifibrs. There are mercury and uranium intensifiers. The for 
are applied as follows ; The well fixed and washed negatives are placed 
solution of 2 g mercuric chloride and 2 g potassium bromide in 100 ccm distilled 
H2O. When the negative becomes grey or white it is taken from the liquid 
rinsed in HoO for one minute and then placed in a solution of lOg crvst 
sodium sulphite in 80 ccm distilled HgO until the whole gelatine film becomeg 
black. Thorough washing must take place before drying. When uranium 
is used two solutions are prepared: A: 1 g uranium nitrate m 100 ccm distilled 
HgO ; B : 1 g potassium ferricyanide in 100 ccm distilled HgO. For use 50 ccm \ 
icf--12 ccm acetic acid, and 60 ccm B are mixed in this order. ' 

Reducers. The ferricyanide reducer {Farmer's reducer) consists of 
100 ccm hypo solution 1 : 4, with 5 — 10 ccm of a 10 % solution of potassium 
ferricyaniae. This reducer destroys the finer middle tones, i. e. increases the 
contrasts. — Ammonium per-siilphate reducers act on the darker parts of 
the plate, i. e. it diminishes the contrasts; a 3 — 5 % solution of ammonium 
persulphate is used. The plates are first r^uced then slightly rinsed in H2O, 
placed in a 10 % sodium sulphite solution and finally well washed. — A uni- 
formly reducing agent is the cerium sulphate reducer consisting of 10 g cerium 
sulphate in 100 ccm HgO and 4 ccm H2SO4. 

IV. FLASHLIGHT. 

1. 30 parts potassium chlorate, 15 parts magnesia powder and 5 parts 
antimony sulphide are finely powdered and mixed dry. A mortar must not 
be used. 

2. 3 parts finely powdered potassium permanganate are mixed with 2 parts 
magnesium powder. This receipt has proved reliable. 

3. According to Germ. Pat. 136313 mixtures of very fine magnesium or 
aluminium powder with finely ground manganese peroxide are very suitable 
for flash-light preparations ; these mixtures are not very explosive nor do they 
give off fumes smoke or poisonous gases. According to the same patemt 
certain substances, e. g. Sr(N03)2 reduce the rapidity of burning and produce 
a coloured flame. 

4. According to Germ. Pat. 158215 smokeless and harmless flashlight 
mixtures burning very rapidly and giving an intense light are obtained by 
mixing magnesium- or aluminium -powder with nitrates of the rare earths 
(especially of thorium, cerium and zirconium). For instance a mixture c)f 
equal amounts of finely powdered thorium nitrate and finely granulated 
magnesium powder. 

6. Engl. Pat. 27267 (1904) also deals vdth the addition of salts of the rare 
earths to flash light mixtures of A1 or Mg. The metal powder should be mixed 
with alum or some other sulphate. 

6. An excellent flash light powder, indifferent to friction or percussion is 
put on the market by Friedrich Bayer & Co., Elberfeld. It appears to be 
made according to Germ. Pat. 136313 mentioned under 3., consisting of a 
mixture of magnesium and manganese peroxide. As the two ingredienw 
are packed separately all danger in use or storing is avoided and the product 
is transmissible by post. 

7. Panchromate flash light powder gives out orange rays in addition to 
the blue and violet rays which are emitted by the ordinary mixture. 

8. Recently Time lights have increased in importance. They do not 
but bum slowly. This is attained by adding oxides, carbonates or silicates 0 
the alkaline earths. Bayer's time lights, which have proved very satisfactory, 
bum off in 2 — 3 seconds developing relatively very little smoke. 
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The mixtures mentioned under 1 — 7 may under no circumstances be 
blown into the flame; for this purpose only pure Mg- or Al-powder may be 

employed. 

V. COLOUR FILTERS. 


The use of orthochromatic plates practically necessitates the use of yellow 
triass screens ; and for colour photography screens of various kinds and colours 
Le absolutely necessary. 

The following is taken from the Agfa-manual of the Aktien-Ges. fiir Anilin- 


^ “Excellent yellow screens may be obtained by the use of certain yellow 
aniline dyestuffs, auramine 0 appearing to be the most suitable, as it aosorbs 
no other rays but the blue and violet, allowing the red, green and yellow to 


pass iiucij'. 

^ A proper yellow screen can be obtained only by the use of clear glass with 
parallel planes, as otherwise prismatic effects will occur. This is especially 
noticeable with lenses of long focal length. 

Collodion or gelatine can be used to hold the pigment: The latter is pre- 
ferable as it is less easily injured and does not separate readily from the glass. 

The preparation of yellow screens consists in covering glass plates — of 
a quality difficult to obtain — with a yellow solution of collodion or 
gelatine of a certain constitution. This operation, however, requires a surprising 
amount of practice. 

When a yellow screen for use with a lens of not above 20 cm focal length is 
required, the following will prove a reliable and satisfactory method. 

Dry plates of soline glass (diapositive plates are usually made of this material) 
are fixed (acid or neutral) in non-actinic light washed and dried. Then the 
plates are placed in a cold saturated solution of auramine 0 for 5 minutes with 
continual rocking. The gelatine becomes intensely yellow. In order that the 
yellow screens should dry clear, and so as to obtain the required tone, the 
plates are put into running water. The colour will gradually fade and when 
tlie shade required is obtained the plates are taken out and hung up to dry.“ 


There are various prescriptions for making pigment filters; the following 
are those recommended by Meistbr Lucius & Brubning. The filters 
produced are toned for orthochromatic and pinachromatic plates (see “Photo- 

ORAPinc plates''): 

7 cem of the gelatine made according to the following prescription are poured 
over every 100 square cm of plate surface. The dry filters consist of two 
coloured plates taken together and fixed with Canada balsam. 

a) Light filters for the three-colour-process. 

1. Blue filter. 

4 g crystal violet are dissolved in 100 cem warm water, 5 — 6 drops of acetic 
a^id being added; 100 cem of 8 % gelatine solution are mixed witn 6 com of 
the colour solution and the whole filtered. 

2. Green filter. 

3 g tartrazine + 6 g patent blue, or 9 g filter green I, are dissolved in 330 cem 
hot water. 100 cem of 8 % gelatine solution are mixed with 4 — 6 cem of the 
colour solution and the whole filtered. 

this filter will allow a little red from the extreme end of the spectrum to 
if this red — though quite harmless — is also to be absorbed 2.6 g 
tartrazine, 6 g patent blue and 4 g naphthol green are dissolved in 400 cem 
water. lOQ com of 8 % gelatine solution are taken to 6 cem colour solution. 

33 * 
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3. Red filter. 

6 g filter red I are dissolved in 200 ccm warm water. 100 com of 8 <y gelat 
solution is mixed with 4 ccm colour solution and the whole filtered. The tim ^ 
of exposure when orthochromatic plates are used are in the following 
Blue : green : red approximately 1:3:6. ^ ^ 

b) Light filters for the additive three-colour-prints (Chromoscope) 

1. Blue filter. 

3 g crystal violet and 1 g methylene blue, free from zinc chloride, are dissolved 
in 100 ccm warm mater with the addition of 5 — 6 drops of acetic acid ; 100 ccm 
of 8 % gelatine solution is mixed with 7 — 8 ccm of colour solution and the 
whole filtered. 

2. Green filter. 

6 g tartrazine and 1 g patent blue or 7g filter green II are dissolved in 140 ccm 
warm water. 100 ccm 8 % gelatine solution are mixed with 7 — 8 ccm colour 
solution and the whole filtered. 

If the extreme red is to be absorbed 6 g tartrazine, 1 g patent blue and 
2 g naphthol green are dissolved in 180 ccm water; with 100 ccm 8 % gelatine 
solution. 8 — 9 ccm of the pigment is taken. 

3. Red filter. 

4 g tratrazine and 3.5 g rose bengale or 7.5 g filter red II are dissolved in 
160 ccm water. 100 ccm of 8 % gelatine solution are mixed with 7-— 8 ccm 
colour solution and filtered. The times of exposure for orthochromatic platea 
are Blue : green : Red = 1:6:8 (nearly) and for pinachromatic plates 
about 1:4:3. 

As all pigments are absolutely pure the filters dry uniformly and clear. 
The aqueous colour solutions will keep. 

Photographic lenses see “Photography*\ 

Photographic papers. Photographic papers may be classed as printing-out 
papers (p. o. p.) and those which have to be developed before fixing. 

1. Printing-out papers. 

The most important p. o. p. method is still that involving the use of silver 
chloride. According to the underlying substance these are classified into three 
groups: 

1. Albumen PAPERS. The sensitive substance is silver chloride, the ground 
albumen. 

2. Silver chloride gelatine papers. The sensitive substance is silver 
chloride, the ground gelatine. 

3. Silver chloride collodion papers. These papers, made in glossy 
and matt are especially high in favour. 

Caseine is probably the ground substance used in Bayer’s (Elberfcld) 
Lactarine paper which gives very pleasing prints and resists high temperatures. 

Of p. o. p. methods without silver salts the most important are direct 
printing platinum papers. 

II. DEVELOPING PAPERS. 

These are silver bromide papers, silver chlorobromide papers, platinum 
papers for developing, and pigment papers. . 

1. Silver bromide papers. The sensitized part of these papers is exactly 
similar to that of plates, i. e. it is an emulsion of silver bromide and gelatine. 
These papers are therefore treated with the same care as regards the action 
of light as plates are. They are not only used for common printing but al^ 
for enlargements, a fact that is based on their great sensitiveness. All these 
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papera have a matt surface, and some of them a more or less coarsely granulated 

appearance. ^ 

2 . Silver chloeobromidb papers. Silver bromide papers would be 
more used if their sensitiveness did not necessitate the discomfort of having 
to prepare and develop in the red light of the dark room. The attempts 
to combine the beauty of this printing process with the convenience of 
papers treated in shaded daylight nave led to the manufacture of silver chloro- 
Dfomide papers. Their sensitiveness is so far reduced that they can be put in 
the frames, &c., and developed at a little distance from gas- or oil-lamps, 
while they will print in ordinary daylight or artificial light. 

3. Platinum papers (for developing). These give still better pictures than 
p. 0 . p. platinum papers. 

4. Pigment papers. The pigment process, without doubt the most beautiful 
of all printing methods, is based on the fact that chromgelatine under the 
action of light loses its solubility in hot water. As any kind of pigment may 
bo mixed with the chromgelatine all kinds of coloured papers are made 
the prints being absolutely durable if the colouring matter is fast to light and 
air. The drawbacks to these advantages and the beauty of pigment prints 
are that the printing process can only be watched indirectly by means of the 
photometer, and that the print has as a rule to pass through two processes. 

Photographic printing colours: 

E. T. Gleitamann, Dresden, Germany, 

Pliotographic plates. Orthochromatic plates 'are dry plates of which the 
emulsion contains red, and sometimes also yellow and green pigments. These 
substances equalize the greater sensitiveness to blue and violet light rays 
peculiar to silver salts, so that the orthochromatic plates reproduce the true 
colour values better than ordinary ones. 

The most important pigments used in manufacturing orthochromatic plates 
are erythrosin and cyanine, but these are now supplemented by many others, 
the best known of which are pinachrome and orthochrome, especially suitable 
for manufacturing panchromatic plates. Pinachromatic plates are also sold 
ready made. 

The aiitochrorae plates of Lumibre have acquired considerable importance, 
require only a single exposure and the process does not present the same 
t/ Lippmann method. The plates are prepared (Germ, 

fu ■ 182099) with a sensitive gelatine film and a “multi-colour 

d red, green and blue starch grains. The method is simple 

and gives beautiful results. Only one copy can, however, be obtained. It is 
probable that a process of reproduction will soon be devised. 

Photographic faking. 

Carl Zeiss, Jena (Germany), complete apparatus of all kind, objectives etc. 

Photometers. 

Photometers : 

Hans Heele, BerUn O. 27. 


Phthalein see “Pyronine dyestuffs". 

obSi'l^“S dicarboxylic acid. C,H,(C00H),. This acid is 

confa' • oxidation of many benzene derivatives which contain 2 groups 

carbon in the 0 position. In practice it is usually made from 
passing a strong current of chlorine into fused naph- 
ne and keeping the temperature below 170°. The naphthalene tetra- 
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chloride thus formed is oxidized with HNO3 ^ shallow earthenware retorts 
with slightly curved tops, from which clay pipes lead to convey the acid fumes 
which arise. The crude solid phthalic acid is then washed, pressed, and re- 
crystallized. The newest methods start directly from naphthalene. Accordinir 
to Germ. Pat. 79693 and 86914, naphthalene is oxidized with permanganates 
or manganates to phenylglyoxyl-o-carboxylic acid (phthalonic acid). The 
phthalonic acid passes readily by further oxidation into phthalic acid. Other 
methods make use of a chromic acid mixture for oxidation. The moat pro- 
mising of the newer methods of obtaining phthalic acid is probably that 
protected by Germ. Pat. 91202, in which naphthalene is oxidized to phthalic 
acid by means of sulphuric acid, mercury salts, which act as contact sub- 
stances being added. The experiments of Ditz (Chem.-Ztg. 1905, 581) show 
that in these processes the mercury salts can be replaced with advantage 
by the oxides and salts of the rare earths. In practice a mixture obtained in 
the manufacture of thorium nitrate is used for this purpose. 

A new method has quite lately attracted consideraole attention which 
aims at the simultaneous production of phthalic and benzoic acids (Germ, 
Pat. 136410, 138790, 139956, 140999). It was found, that naphthols and the 
other substitution products of naphthalene such as nitronaphthalene, naphthyl- 
amine, naphthalene sulphonic acids, &c. are converted into a mixture of 
phthalic and benzoic acids by heating with fused alkalies or alkaline lyes 
and oxidizing metallic oxides, such as PcgOg . CuO, MnOg. The phthalic acid 
can then be separated from the benzoic acid by distillation. It is doubtful 
whether these processes can hold their own against the method of Germ. Pat. 
91202. 


According to Germ. Pat. 152063 naphthalene can be oxidized to naphtho- 
quinone and phthalic acid without difficulty by electrolysis in acid solution 
in presence 01 compounds of cerium. 

In a pure state phthalic acid forms colourless crystals M. P. 213® which 
dissolve readily in hot water, alcohol and ether, but with difficulty in cold HjO. 

The crystals are, however, seldom purified, but generally converted directly 
into the anhydride. By heating the crystals above their melting point the 
phthalic acid forms an internal anhydride of which the constitution is 

CeH4^ yO. This substance forms very long prismatic needles with a 

characteristic smell; M. P. 128®, B. P. 277®. The anhydride sublimes far 
below the boiling point and on being boiled in H^O again passes into phthalic 
acid. 

As a rule this acid is brought on to the market only in the form of phthalic 
anhydride, where it passes under the name of phthalic acid. It is used for 
making Pyronine dyestuffs (q. v.). Tetrachlorophthalic acid, CgCl4(C02H)2, 
is also of considerable importance. 

Test. If commercial phthalic acid, i. e. phthalic anhydride, forms colourless 
needles, evaporates completely, dissolves in benzene, and melts at 277®, it 
may be considered as sufficiently pure. 

The quantitative determination is made by dissolving 1 g of phthalic aeiu 
or phthalic anhydride in 20 ccm of normal caustic soda solution and 20 ecm 

of water and then titrating with — hydrochloric acid. One ccm of the alkali 

used for neutralization corresponds to 0.08303 g of phthalic acid, or 0.07402 
phthalic anhydride. 


Physostigmine (Eserine). CisH^NjOj. An alkaloid found in the Calabar 
bean {Phyaostigma venenosum). On account of the readiness with which tne 
alkaloid decomposes, the preparation must be very carefully carried ou . 
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The crushed beans are extracted with 86 % alcohol, the extract evaporated 
in vacuo, dried by NaHCOg and the alkaloid extracted by shaking with ether, 
and finally with dilute HaS 04 . 

White, glistening leaves M. P. 102 — 103®. Sparingly soluble in water, 

readily in alcohol, ether, and chloroform. 

It is very poisonous, and is used medicinally in the form of its salts. It is 
prescribed in cases oi epilepsy and tetanus (internally or subcutaneously) 
in doses of 0.0005g to 0.001 g once to three times a day. It is also used extern- 
ally in 2 % solution for dropping into the eye on account of its property of 
contracting the pupil. 


Phytine. The double calcium-magnesium salt of anhydrooxymethylene 
phosphoric acid. The acid is obtained (French Pat. 318311 and supplement) 
from vegetable substances such as oil cakes, roots, &c. 

Phytine is a phosphorus compound containing 28 % P. It is readily assimi- 
lated and should prove of service as a strengthening agent. 


Pickling (of metals). The action of various chemicals on metals removing 
the film of oxide from the surface. Especially important for electroplating 
as metallic films deposited by galvanic methods adhere only to metallic 
surfaces. 

The preparation required for metallic articles in electroplating is a rough 
mechanical cleaning, removal of greasy substances and finally chemical 
treatment. This is not always the precise order of procedure and frequently 
one or the other is repeated. One thing, however, must be observed, that 
perfect pickling can only be effected after thorough (deaning and the removal 
of every trace of grease. The pickling itself is carried out with chemical 
solutions. 

1. Pickle for copper. Brass. Bronze, and German Silver. 

Equal volumes of English sulphuric acid (66® Be) and nitric acid (36® B6). 
As nitric acid when sold is generally 40® Bd; 1 kg is diluted with 200 g water, 
the mixture is then 36® B6 and can be mixed with an equal volume of sulphuric 
ftcid. The action of this mixture can be increased by adding a little common 
salt at intervals. For fine articles of copper, bronze, &c. this pickle is too 
strong, a mixture of one part nitric acid to 10 parts water being 
used instead. 

This as well as all other pickles may only be used cold; the acid mixtures, 
therefore, which become hot when the acids are mixed must be cooled before 
they arc ready for use. 

On the whole the pickling should last a few seconds only. The articles 
bound togethp and hung on a hook — small articles are with advantage 
placed on a sieve — are quickly dipped into the liquid, moved about for a 
second or two to remove air bubbles and lifted out again; the hands should 
not come in contact with the liquid. The articles are at once carefully rinsed 
^ 9 ^ in water so that the last trace of acid is removed. 

Pickle for Iron, Steel, and Zinc. 

It 18 best not to pickle these metals at all (tin certainly under no circum- 
ances) . If the other three are, however, to be pickled a very dilute solution 
sulphuric acid (1 part sulphuric -f 100 parts water) must be used. After 
e process zinc is well rinsed, iron and steel rubbed with pumice-stone until 
^ney become uniformly grey. 

^ Articles possessing very thin metal plating (especially gold-, nickel-, and 
rass-plated objects) are pickled to give the surfaces a suitable appearance. 
y a proper choice of the liquid a bright or matt surface can be produced. 
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3. Pickle foe beight suefaob. 

2 kg English sulphuric acid (66® B6). 

1.5 kg nitric acid (36® B6). 

10 g common salt. 

4. Pickle foe matt suefaob I. 

2 kg English sulphuric acid (66® B6). 

3 kg nitric acid (36® B6). 

15 g common salt 

15 g zinc sulphate. 

5. Pickle foe matt suefaob II. 

46 parts English sulphuric acid (66® B6). 

46 parts nitric acid (36® B6). 

4 parts zinc sulphate. 

3 parts sal ammoniac. 

1 part flowers of sulphur. 

Picric acid. . 0H(N02)3, OH : NOg : NOg : NOg = 1 : 2 : 4 : 6 , 

trinitrophenol. This acid is obtained by the nitration of phenol or from sodium 
phenol sulphonic acid. There are various processes extant of which the details 
are the trade secrets of the different firms. For instance, equal parts of purified 
phenol (crystals), M. P. 40® and cone. H2SO4, S. G. 1.84 are warmed together 
by steam to 100®. Cone. HNO3 is then added to the phenol sulphonic acid 
which has been formed and the whole well stirred. If the process is carried 
out in earthenware vessels without a stirring apparatus the HNO3 is placed in 
the vessel and the phenol sulphonic acid, diluted with 2 parts HjO, 
then added. In other factories the pure carbolic acid contained in earthenware 
retorts is melted by indirect steam and the nitrifying acids, that is a mixture 
of HNO3 with H2SO4, in varying proportions. See “Nitration”. 
At the end of the reaction the crude picric acid separates on cooling as a 
solid crystalline mass. This is molted and poured into cold water, and 
thoroughly washed with cold HjO to remove all H2SO4. After this the crystals 
are removed, again melted and allowed to run through pipes into cold water 
when yellow crystalline leaves are formed. The water is again drained off 
the excess removed by centrifuging and the acid dried at 40 — 60®. If 
the acid is required quite pure it is converted into sodium picrate, CgHo • 
0Na(N02)3 by treatment with NagCOa. This is recrystaUized and then 
decomposed with H2SO4 or with NaHS04. 

The method given in Germ. Pat. 125096 is as follows : — Aniline is used 
as the raw material for the preparation of picric acid, as the price does not vary 
so frequently as that of phenol. The aniline is first converted into sulphanilic 
acid which on treatment with nitrous acid gives diazobenzene sulphonic acid. 
This is readily converted into picric acid by gently warming with the theoretical 
quantity of nitric acid. The French Pat. 345441 describes a process for ob- 
taining picric acid. 100 parts HNO3, S. G. 1.4 are mixed with 30 parts of 
denatur^ spirits, treated with 20 parts of crude phenol and the mixture 
vigorously stirred. When the nitration is finished the product of the reaction 
is poured into hot HjO, and after cooling the picric acid present is separated 
in the usual way from the mother liquor. The yield is said to be good but the 
alcohol used is lost by oxidation. This is certainly a disadvantage not present 
in the usual methods. 

Pure picric acid forms pale yellow crystalline scales having a bitter 
which mssolve readily in alcohol and ether, less readily in hot, and wi 
difficulty in cold water. M. P. 122.5®. If ignited it bums quietW but 
made to explode by the action of fulminating mercury in a closed space. In 
acid is poisonous. 
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Fused picric acid is used as a filling for shells and is known under the name 
of lyddite and melinite. It is an effective blasting explosive. Some of the 
salts of picric acid are important, forming as they do the principal material 
for a special kind of semi-smokeless powder^ the so-called “Picbate powdfb“, 
see “Gunpowder"’. Picric acid is used for making powder and blasting 
niateriala, for dyes and for the manufacture of various organic compounds 
See also “Nitro dyestuffs”. 

Picric acid: 

Weatfalisch-Anhaltiaohe Sprengstoff-A.-G., Berlin W. 9. 


Pig iron, see “Ibon“. The ore is first roasted in the air to remove HgO, COo 
S, As, &c., then broken up and mixed with different kinds of ore, according to the 
amount of iron contained, with the addition of slag -forming substances. The slag 
consists of silicate, for which reason quartz and clay, that is substances con- 
taining a large proportion of silicic acid and alumina, are used for iron ores 
rich in lime and magnesia) while on the other hand limestone or dolomite 
are added when the iron ore contains much SiOg and AlgOg. The mixture 
of iron ores and added substances is then heated in blast furnaces over 30 m 
in height. The furnace is previously heated and the process is then carried 
on uninterruptedly. The ore is introduced from above (through the mouth) 
alternately with coke, anthracite, or charcoal. The furnace gaseswhich escape 
at the top, which contain much CO, are caught by an apparatus hung over 
the top and employed for heating the blast. The lower part of the shaft 
narrows to the boshes where the molten slag and the liquid iron below accumu- 
late. Air is conducted into the shaft from below, at a temperature of 500—800®. 
The hot gases as they rise dry the lowest part of the shaft and heat the charge] 
while in the upper parts the ore is reduced to metallic Fe. The Fe is at first 
plastic., but on absorbing more C readily passes into pig iron with a lower 
melting point (1000 — 1200®). The molten iron sinks and is protected by 
the layer of floating slag from further oxidation by the blast. The iron also 
absorbs more Si from the slag. 

A lecture by Gaylay on the subject of drjdng the blast with refrigerators 
has aroused much interest. The blast is dried by means of coolers and great 
advantages are thereby attained. The water is reduced from 13 to 4 g. Gaylay 
thereby obtained an increase of 25 % and at the same time saved 20 % of 
luel. Time will show whether this method will fulfil in practice all that it 
promises. 


Pig iron is as a rule classed under the three following heads, according to the 
international agreement of Philadelphia. 

. Grey PIG iron. Part of the carbon separates on cooling in the form of 
paphite. When broken, the fracture is grey. This is the form of iron worked 
up into cast iron. 

wbif The carbon remains combined and the fracture is 

iron is harder and more brittle than grey pig. 
rnnf . . rooN (FeiTomanganese). Carbon-iron-manganese alloys 

iDuch Mu. The carbon remains combined. The colour of the 
white or yellowish. If light coloured parts show in grey pig or 
ffrev white, pig iron, the product is termed mottled pig, or mixed 

an/nn molten grey pig is quickly cooled it passes into white, 

rile other hand if white pig is melted at a high temperature and slowly 
corned It changes into grey. & r 

Whi^ brittle and not malleable. On being heated it suddenly melts. 

7.5-^7 7 ^^’ j ^ Bessemer’s, Martin’s and Thomas’s process, has a S. G. of 
has n a molting point of 1050 — 1100®. Grey pig, for casting purposes, 

Fo f a M. P. of 1160-1260®. 

r further details, see articles on Iron, Ingot iron and Malleable iron. 
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Pill machtnbs. 


Pill machines. 

Pill machines: 

Werner Pfleiderer Sc Perkins Ld., Peterborough. 

Pilocarpine. An alkaloid obtained from the leaves of the 

Jaborandi {Folia jaborandi; Folia 'pilocarpi). The free base is a thick colourlesq 
syrup. 

The salts of pilocarpine are used medicinally. It has a strong sudorific action 
and causes the secretion of saliva. It is also used in ophthalmic work. Max 
dose 0.02 g to 0.04 g per diem. 

Pinachromy see “Pinatype*". 

Pinacol see “Photographic chemicals*". 

Pinatype (Pinachromy). A method of coloured photography invented by 
Dr. Koenig. Three negatives are taken, through a Tblue, green and red filter, 
resdectively which are used to make diapositives. From these diapositives 
the printing plates previously made sensitive by chromate (gelatine plates} 
are printed; the printing is controlled by means of the photometer. The 
undecomposed chromium salt is washed off the exposed printing plate with 
water when the actual preparation of the coloured images begins: 

The printing plate — well washed — corresponding to the red screen negative 
is placed in a specially prepared solution of a blue dye. Then a piece of trans- 
ferring paper is pressed on to the plate and removed again after 15 minutes 
when the picture appears blue. The plate is replaced in the blue solution, 
and this process repeated so long as copies are required. 

In the same way the plate corresponding to the green screen is immersed 
in a red solution and a blue “positive** pressed on to it. It is not very difficult 
to superpose the corresponding parts. When the paper is removed it bears 
the picture in two fundamental colours. The plate may be used any number 
of times in the same manner. 

Finally the plate corresponding to the blue screen is treated in a yellow 
bath and the double coloured “positive** applied. When the paper is removed 
the photograph appears in natural colours. The third plate also may be used 
any number of times. 

Pinatype pictures are very fast to light; to increase this and to harden the 
gelatine the prints are finally treated with a special fixing solution. 

For the colour screens used in pinatype work, see “Photographic chemicals”. 

Pinene see “Terpenes**. 

Pink salts see “Tin mordants** and “Tin compounds**. 

Pinoline see “Resin oils**. 

Pipe clay. 

Pipe clay mordants: 

Willy Manger, Dresden, Germany. 

Piperazine = Diethylenediamine. 

.CH 


It is obtained by the action of NHj on ethylene chloride. 

White crystalline substance M. P. 104®; readily soluble in H 2 O. 
prescribed in cases of gout, urinary calculi, &c., as it dissolves uric acio- 


%NH. 
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1 Q l. 5 g, twice daily (in the morning and afternoon), each dose in a 

of alkalme water (Apollinaris, seltzer, &c.). 

Pinerine. C 17 H 1 QNO 3 . The alkaloid of pepper. Coarsely powdered white 
nepr^r is extracted with 90 % alcohol. After removal of the alcohol from 
the^tract the residue is treated with dilute caustic soda solution. The crude 
oiperine which is undissolved is washed with HgO and recrystallized from 
hot alcohol after filtering through animal charcoal. 

Colourless or pale yellow, shining crystals which have no odour, are in- 
soluble in HjO, sparingly soluble in cold, readily in hot alcohol. 


Piperonal (Heliotropine). 


Methylene ether of protocatechnic aldehyde: 



( 1 ) 

(3) 

(4) 


Formerly the starting point for the preparation was pepper. Coarsely 
ground pepper was extracted with alcohol and the extract after the evaporation 
of the alcohol was treated with KOH when the alkaloid piperine was left 
behind. On boiling with alcoholic KOH the piperine decomposes into piperidine 
and piperic acid; the latter has the constitution 

^\CH :CH . CH :CH . COOH 


The K-salt of this acid is the starting point for preparation of piperonal. 

It is oxidized with KMnO^ and the mixture subjected to steam distillation, 
when the piperonal distils over. It can be obtained from this distillate by 
extraction with ether. 

Heliotropine is now prepared exclusively from safrol 

Safrol (q. v.) is the chief constituent of camphor oil from which it is obtained. 
By prolonged heating with alcoholic potash or sodium ethylate safrol can be 
converted into the isomeric isosafrol 


/CH : CH . CH 


3 ( 1 ) 

(3) . 

(4) 


— a liquid which has a smell resembling that of aniseed. 5 parts of isosafrol 
are treated with a solution of 25 parts K 2 Cro 07 , 38 parts H 2 SO 4 , and 80 parts 
H 2 O at a temperature not above 60®. By this oxidation piperonal is formed. 
It is distilled with steam, and the distillate extracted with ether. After 
the evaporation of the ether crude piperonal is left. This is purified by shaking 
the ethereal solution with cone. NaHSOj solution. 

Colourless glistening crystals with a strong and pleasant smell of heliotrope, 
• B. P. 263®. Soluble in 500 — 600 parts of cold HgO more readily 

in boiling HgO, readily soluble in alcohol and ether. It is extensively used in 
perfumery. 


Pitch. Two quite different kinds of substances are known under this name, 
the one being a product of wood- tar and the other of coal-tar. By heating 
wood- tar till all the volatile constituents have passed over the material known 
js common black pitch, is left as a dark, resinous substance, which can be 
Headed and which becomes as hard as glass when cold. 

Ahis kind is used for caulking ships, for making water proof cements, 
cobblers’ wax, &c. 6 y r 
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Coal pitch is the material left in the st^ after the distillation of coal or 
anthracite. According as the distillation is interrupted earlier or later the 
product is soft or hard. Soft pitch is the more valuable of the two. Coal pitch 
\8 used in the manufacture of briquettes, and for making varnish, lacquer 
asphalt, &c. Brewer’s pitch, a substance used for tarring beer barrels is 
made of pine resin or colophony melted with other materials which lower 
the melting point and increase the elasticity. The substances employed for 
this purpose are oil of resin, linseed oil, paraffin, ceresine, and the like. Aromatic 
pine resin was formerly much in demand for making brewer’s pitch, but the 
materials are now required to be free from substances which have a low 
boiling point, are readily soluble and of an aromatic nature. 

The residue from the distillation of colophony after the volatilization of 
the resin oils comes on the market under the name of smith’s pitch. Thh 
material is also mixed with common black pitch for the manufacture of 
cobbler’s wax. , . 

According to Germ. Pat. 134109 and 137001 a substitute for pitch can be 
obtained by mixing peat, lignite, bituminous coal, wood, organic refuse, 
carbohydrates, glue, albumen (of various origin), fat and grease with tar, 
either together or singly and then subjecting to heat and pressure. The process 
is greatly facilitated by adding alkalies which cause the materials to run 
together. The volatile constituents are distilled off leaving in the still a sub- 
stance which is a thick fluid when warm, but brittle and hard when cold. 

According to Germ. Pat. 158731, pitch is made from tar and tar oils by 
gradually heating the raw material with sulphuric acid to 300 <>. The process 
takes about 1%— 2 hours. Engl. Pat. 23680 (1904) also deals with the con- 
version of tar oils into pitch. Air or some other gas containing oxygen is blown 
into the heated oils, with the result that tar is first produced and finally after 
the volatilization of the volatile oils pitch remains as a residue. 

According to Germ. Pat. 161236 the tar from water gas containing water 
is treated with some dehydrating agent such as caustic lime or burnt gjysum, 
stirred and allowed to stand and the completely dehydrated tar removed from 
below and then distilled. The pitch so obtained may be used for the ordinary 

13lin3OS0S 

^ Vor the preparation of pitch from tar and tar oils see also Germ. Pat. 163446, 
Suppl. Pat. 171379 and 171380 and Germ. Pat. 170932. 

Plantarine see “Dressing materials”. 


Plasmon. A food preparation obtained by mixing moist cascino with 
bicarbonate of soda. 


Plastic substances. According to Germ. Pat. 140522, substances 
made which keep soft and plastic for a considerable time and which, atte 
hardening, can be worked up, carved, turned, &c. in the same way as wo • 
It is a well known fact, that the products of resinous condensation can 
obtained by the alternating action of phenols and aldehydes at a 
perature in presence of acids. These substances, however, were 
too brittle for use. According to the above-mentioned patent, the n , 
opaque substance formed by the condensation of phenol with formalae y 
dissolved in a suitable solvent such as acetone, alcohol, glyce^e, 
then poured into moulds, dried and hardened; the substance becomes 
parent, plastic, and elastic. The degree of hardness can be 
dissolving in a mixture of fGrmaldehyde and glycerine; the plastici ^ 

increased by adding camphor, caoutchouc, glycerine or the like to the sud 
According to Germ. Pat. 144162, plastic substances may be maae 
finely ground asbestos or mica by the use of aluminium sulphate and agar- g 
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solution. Germ. Pat. 146261 protects a method for making plastic sub- 
stances from peat and other fibrous materials, mechanically by pressing oil 
and resin into and through the mass, and then by oxidation converting the 
adhesive substance of the oil and resin into solids. According to Germ. Pat. 
147994, plastic substances are made from caseine by treating the dried product 
before pressing, with very dilute acetic acid, instead of pure water to insure 
the desired degree of plasticity. Germ. Pat. 166636 treats of the production 
of plastic substances from the inner rind of Adansonia digitata (monkey’s 
bread tree) by boiling the bast in alkali to form a thin paste, which is then 
poured into moulds, pressed and dried, when it forms a substance as hard as 
stone. 

According to Germ. Pat. 168364 powdered slate is mixed with CaCL water 
glass and resinous soap, pressed into moulds, dried, and finally burnt. 

Germ. Pat. 168496 and 169193 deal with a process for making a casting 
substance of plastic clay with caustic soda lye, ammonia, potash waterglass 
molasses, soap, &c. > e> ^ 

The following patents also deal with the preparation of plastic substances * — 
Germ. Pat. 174877, 186240, 186241, 186388 ; French Pat. 368704 (from caseine) • 
Germ. Pat. 187479 (from coagulated blood); Germ. Pat. 178645 (from peat)* 
Germ. Pat. 179833 (from bones); Germ. Pat. 174123 and 186280 (from 
magnesium compounds). French Pat. 370490 recommends mixing fibrous 
substances with oils, fats, tar, &c., and treating the product in a special way. 
French Pat. 372584 deals of the preparation of plastic substances from leather 
sawdust, cork, wool and cellulose. ' 

See also the articles on “Galalith”, “Celluloid”, “Wood, artificial” 
Stones, artificial”, “Bricks”, “Stone ware”, “Porcelain” “Pottery” 
and “Earthenware”. 

Plastrotyl see “Trinitrotoluene”. 


P ating. The union of two metals by rolling them together. The joint is 
made either with or without soldering. Plating is used wherever possible 
since It 18 cheaper than Eleotroplatino (q. v.). In plating, metals of any 
thickness may be used, whereas in galvanoplating the thickness of the deposit 
IS usually limited. Sheet iron, for instance, is always nickel plated by rolling while 
zme can only be nickel plated by electrolytical processes. Tins, wires, and even 
^onipiete articles are plated. Copper sheets are plated with silver, gold or 
p atinum; iron sheets with copper, nickel or lead; lead sheets, zinc and tin- 
piates are alwap plated by rolling. Silver wire is plated with gold, copper- 
.1 shyer wire with silver, steel wire witn copper or brass. The 

S according to the particular combination 

bfi are upally trade secrets, so that no description can 

imnnr.f ® applies to electroplating, a process which is gaining in 

m the case of various metals. A. Fischer has described reliable 
methods for electroplatmg aluminium (Chera.-Ztg. 1903, 987). 

formh?*^ Germ. Pat. 139694 and 147378 metals are electroplated by 

forming an electric arc between them. 

Plating metals: 

Cannings. Great Hampton St., Birmingham. 

fibrous asbestos is moistened with a concen- 
again ^^oment into a solution of NH^Cl, 

contains R platinized asbestos so obtained 

for thfi m The substance is soft and woolly and is employed 

anufacture of sulphuric anhydride. Platinized asbestos can also be 
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made containing as much as 26 % of this metal. Compare Sulphtj 

ANHYDRIDE. 

According to Germ. Pat. 134928, a platinum asbestos can be obtained 
which although it contains only 2 % ot platinum is still of practical valu ’ 
A platinum salt is dissolved in methyl alcohol, ethyl alcohol, acetone or acet^> 
ether, and the asbestos, pumice stone, &c. soaked in the solution and then 
ignit^. The platinum salt is reduced in this way and the metal is found 
adhering to the material in a state of fine division. 

Platinum. Pt. A. W. 194.8. Platinum is very seldom found in a pure 
state, but usually (and almost exclusively in the Urals) in the form of fine 
grains in alluvial sand beds. There are three qualities of platinum ore. No. 1 
contains about 86 %, No. 2 about 82 % and No. 3 75 % of platinum. The 
other platinum metals are also present in the ore. Compare“ Platinum metals ' 
The total amount of platinum obtained in the Urals amounts yearly to not 
more than 7000 kg, and its production necessitates the employment of 15()0i} 
to 20 000 persons. The sand is first washed in sieve barrels or in tub.s and 
then on specially constructed wooden frames. Platinum ore is at present 
almost without exception treated by wet methods. There are several quite 
different methods of this kind, but they are all based on the principle of sopara 
tion by chemical analysis. 

As a rule the platinum ore is digested with Aqua regia diluted with 2 parts 
of HgO. The action is greatly increased by carr3ring out the digestion under 
water pressure at 36 — 40 mm. Compare “Aqua regia“. The filtered liquid 
is dried and the substance heated to 125*^6, which reduces the chlorides 
of iridium and palladium to protochloride before affecting the platinum. If 
the residue is now mixed with H2O, acidified with HCl and NH4CI added, 
pure platinum ammonium chloride (NH4)2PtCle, will be precipitated, while 
the cnlorides of iridium and palladium will form double salts which 
readily dissolve. The iridium will only separate after evaporation of the 
mother liquor. Metallic platinum is separated from the final solution 
by iron filings; the undissolved iron being then extracted with HCl. The 
precipitated platinum is filtered off and again dissolved in Aqua regia. In 
this way the platinum metals are gradually separated from each other, wliile 
spongy platinum is obtained from the first precipitate of pure platinum 
ammonium chloride by bringing to red heat. The spongy platinum is then 
pressed together and melted m lime crucibles with an oxyhydrogen blow-pipe. 
Compare “Oxyhydrogen gas“. The pure liquid platinum is usually cast 
in bars of 3 — 5 kg, and then hammered out by machinery into thick plates 
or wire. 

Hammered platinum is a silvery or tin like metal which is very strong 
and flexible. It is softer than copper and is a relatively poor conductor of heat 
and electricity. Massive platinum has a specific gravity of 21.48 at 18°. If 
heated to white heat platinum becomes soft ; and at a still higher temperature 
it can be welded. It melts at 17440(Nebnst and v. Wartenberg). By heating 
platinum ammonium chloride a loose grey substance is obtained which is 
known as spongy platinum. Platinum black, which is still less compact than 
spongy platinum, is obtained by precipitating the metal with organic reducing 
agents or with zinc. Spongy platinum and platinum black possess the power 
of condensing extremely large quantities of gas, especially 0. . 

A modification, soluble, or rather collodial platinum has been obtained 
in a form to which the name of platinum hydrosol has been 
Platinum hydrosol is obtained when a solution of PtCl4, 1 : 
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protalbinic acids are added to the hydrazine hydrate a more effective solvent 
obtained. Compare “Protalbinic and Lysalbin ioacids“. Germ. Pat. 
157172 protects a method for preparing a very strong solution of collodial 
platinum, palladium and osmium in a solid, stable form, soluble in water, 
by using hydrazine hydrate as a reducing agent in the way mentioned above' 
with the addition of the Na salts of lysalbinic or protalbinic acids. The largest 
quantity of platinum is used for making pans for the concentration of sulphuric 
acid and for other laboratory purposes, for making chemical utensils, for 
electric purposes, &c. It is also used for measuring rods, lightning conductor 
points, electrodes, &c. The “silver** for painting China is made from platinum; 
and very large quantities of platinum wire are used in dental practice. For 
many purposes alloys of platinum and iridium are preferred to pure platinum 
as being considerably harder. See “Platinum alloys“. 

Platmam : 

Johrision, Mathoy & Co. Ld., Hattou Garden, London E.C. (see advt.). 

Platinum alloys. These alloys are much used for various purposes. For 
instance an alloy of platinum and iridium containing 10 % of Ir is employed 
for measuring standards, &c. for which a considerable degree of hardness 
and resistance is required. Alloys of platinum with silver, or with silver and 
copper are used for tnaking jewellery. Similar alloys containing nickel and 
cadmium, and sometimes also tungsten are used for making the works of 
chronometers. In the other alloys for the same purpose the platinum is with 
great advantage replaced, wholly or in part by palladium. Alloys of platinum 
with gold are used for making artificial teeth. Absolutely pure alloys of pla- 
tinum with 40 % iridium and of platinum with 40 % rhodium are used for 
the electric measurement of high temperatures. 

Platinum alloys: 

Johnson, Mathoy & Co. Ld,, Hatioa Garden, London E.C, (see advt.). 


Platinum bath see “Platinum plating’*. 


Platinum compounds. 

1. Plattnum bichloride is formed by heating spongy platinum in dry 
chlormc gas to 250^, It is a greyish-green powder, insoluble in water, which 
absolves in concentrated HCl and passes into Pt at a high temperature. 

ere are also double addition salts of PtClg, which may be regarded as derived 
irom chloroplatinic acid HgPtCL. Potassium platinic chloride, KoPtCL, is 
Ptrti • reducing KgPtClg with cuprous chloride. According to Hbraeus, 
tu^ IS obtained by dissolving crystallized HgPtClg in twice its weight 
K Pfni’ SOg into the hot solution until a sample no longer precipitates 

addition of KCl, and then adding ahot solution of KCl containing 
most double the theoretical quantity of KCl. The KoPta. which separates 
the ^sence alcohol and dried at the ordinary temperature in 


Platinum Bichloride : 

Johnson s. Cross St., Finsbury, London. 

rJa ^^^’^m.teteaoilokide. PtO,. When Pt ia dissolved in hot Agm 
chlnriri • solution evaporated, the substance usually called platinum 

80^0 obtained. Chloroplatinic acid H^PtCle + occurs as hygro- 

since with K considerable importance in analytical chemistry, 

ia not ^ yellow crystalline precipitate, which 

chloroplath te ^I^P^ ^ ^ insoluble in alcohol. E. g. potassium 
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3. Platinum cyanide, Pt(CN) 2 , is, like cyanoplatinio acid HoPt(CN) of 
little importance but the latter forms acid salts, the crystals of which exhibit 
fine dichroism. For instance potassium platinocyanide K^Pt(CN )4 Borins 
yellow rhombic prisms with a blue reflex and barium platinocyamde, BaPt(CN) 
forms monoclinic ciystals, which are moss green, seen from the apex they 
look bright green while from the sides they are sulphur yellow with violet 
reflex. The barium salt and lithium rubidium platmocyanide are used for 
painting Roentgen screens, which become fluorescent under the X rays. 
Brocket and Petit (Zeitschr. f. Electrochem. 1904, 922) recommend (lie 
preparation of barium platinocyanide from barium cyanide by means of an 
alternating current. The electrolytes are is this case Ba(OH )2 + HCN, the 
electrodes being plates of platinum. The current density should be 20 amp. 
at 5 volts. 

Platinum compounds: 

Johnson, Mathey A Co. Ld., Hatton Garden, London E.C. (see advt.). 

Platinum metals. In this class are included those metals which occur together 
with platinum in platinum ore, iridium, osmium, palladium, rhodium and 
ruthenium. A distinction is made between heavy and light platinum 
metals. 


I. Light platinum metals. 



Ruthenium 

Rhodium 

Palladium 

Atomic weight 

. 101.7 

103 

106.3 

Sp. Gravity 

12.26 

12.1 

11.8 

Atomic volume 

8.3 

8.5 

9.0 

■. Heavy Platinum metals. 


Osmium 

Iridium 

Platinum 

Atomic weight 

. 190.8 

193 

194.8 

Sp. Gravity 

Atomic volume 

22.48 

22.42 

21.48 

8.4 

8.6 

9.0 


All the platinum metals are very similar in properties, they all melt at a 
very high temperature, are difficult to oxidize, form salts which can bo readily 
reduced, and their chlorides yield double chlorides with ammonium salts 
which are sparingly soluble. The separation of the different metals and the 
preparation of the same, can only be carried out by very complicated processes. 
Usmium and iridium are only found in platinum ore; they are usually com' 
bined as osmiridium and remain after treatment of the platinum with Aqua 
regia. Rhodium occurs in osmiridium, generally alloyed with gold; ruthenium 
is usually found with osmium. 

See also the special articles on “Iridium”, “Osmium”, &c. 

Platiimm metals: 

Johnson, Mathey & Co. Ld., Hatton Garden, London E.C. (see advt.). 


Platinum paper see “Photographic papers”. 

Platinum plating. Steel, copper, and brass may be plated with platinum 
by rubbing the articles with a paste of ammonium platinochloride and crea 
of tartar. A receipt for a highly brilliant platinum plating on ’ 

and bronze is a boiling solution containing 1 part ammonium platmochlori 
and 8 parts ammonium chloride in 40 parts H«0. The articles are ' 

polished and then suspended in the solution for a few seconds; when ta 
out they are polished with precipitated chalk, washed and dried. xvnnm 
In galvanic platinum plating the solution used contains 10 g pl®'^ 
chloride and 450 g sodium carbonate or 600 g sodium phosphate min 
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. jj 0, The bath, which should be used hot, is most suitable for copper 
*tcles- tfie deposit is grey and has a matt surface; it should be polished 
uSi puKiice stone or iron (not brass) polishing brushes. The anode is of 
platinum. 

podophylline. An alkaloid obtained from the root of Podophyllum peltatum 
which grows wild in America. It is used as an aperient and also as a specific 
^rainst worms. In large doses it causes vomiting. Max. dose 0.1 g. Max. dose 
per diem 0.3 g. 

Poison flour = Arsenious acid, see “Arsenic compounds'’. 

Poisons, antidotes for. 

1. Alkalies see 6. Caustic alkalies. 

2. Arsenic: The stomach pump, or give emetic, milk, white of egg, calcined 
magnesia, and the special preparation ArUidotum arsenici. The latter must 
1)0 freshly prepared, 100 g of officinal Idq. ferri sulph. oxidat. to be diluted 
with 250 g HgO; then stir in 15 g calcined magnesia with 250 ccm HgO, mix 
the two together and give 2 — 4 desert spoons in warm water every quarter 
of an hour. 

3. Atropine: Internally coffee and tannin. Cold douches and massage. 
Subcutaneous injections of pilocarpine or morphine by a physician. 

4. Carbolic acid: Milk, ice, calcium saccharosate, alcohol; stomach pump 
with 3 % sodium sulphate solution. 

' 5. Carbon monoxide: Fresh air, artificial respiration, massage, strong 
( offee, alcoholic beverages. Under certain circumstances the physician may 
inject common salt solution into the veins. 

6. Caustic alkalies: Vinegar and water, lemon juice, milk, and Emuhio 
oleosa ; the latter to be obtained from the chemist. The patient should swallow 
lumps of ice. 

7. Ciiloralhydrate : Cold douches, artificial respiration, injections of 
'Strychnine and camphor by a physician. 

8. Chloroform: Fresh air, artificial respiration, inhalation of amyl- 
nitrate. — Electric shocks, injection of strychnine by a physician. 

t). Cocaine : Strong coffee, inhalation of amyl nitrate ; injection of camphor. 

10. Hemlock: Stomach pump, emetics; artificial respiration, vinegar 
<lysters, caffeine. 

11. Hydrocyanic acid: Massage the body, artificial respiration, strong 
' offee, injection of ether and atropine. 

12. Lysol: The same as for carbolic acid. 

13. Mercury and Mercury compounds: White of egg, milk, calcined 
'uagnesia, flour paste, iron powder, tincture of opium. 

14. Morphine see 16. Opium preparations. 

15. Nitric acid see Sulphuric acid. 

16. Opium preparations : Stomach pump, strong coffee, alcoholic bever- 
massage, artificial respiration. Injection of atropine. 

17. Oxalic acid: Lime water, calcium saccharosate calcined magnesia 
or chalk, and small lumps of ice (to be swallowed). 

18. Phosphorus: Stomach pump, give coffee, apply mustard plasters, 

* camphorated oil. Neither fat nor milk to be given. 

90 nitrate: Solution of common salt, milk, white of egg. 

Snake bite: Cauterize the wound with red hot iron; apply silver 
mtrate; wash with 1 % potassium permanganate solution; ligature above the 
^ 91 I'® complete intoxication. 

Strychnine: Emetics. Tannin, chloralhydrate, cocaine. Electric 
mattery (by the physician). 

Bluch^r. 34 
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22. Sttlphubic acid; Calcined magnesia, chalk, lime water milk 
paste, oatmeal, lumps of ice to be swallowed. ’ ’ ^ 

Poison wheat (Fructus Frumenti venenatua). Grain poisoned with arsj 
and dyed with malachite green. It is used to destroy field mice r 
treated with strychnine is also used in the same way. The bitter’ 
concealed by the addition of saccharine. ^ 

Polarization. 

Constants for optically active liquids. 

(«)d = the specific rotation for the D line of the sodium spectrum. 

(a)j “ the specific rotation for the complementary colour of the middle vnii 
rays of the transmitted colour. ^ 

t = temperature at which the observation was made. 

« = angle of rotation for a layer 10 cm in depth, 

c = concentration (grammes per 100 ccm of solution), 

p — percentage strength (grammes per 100 g of solution), 
d = S. O. of the solution. 

+ == dextrorotatory. 

— = laevorotatory. 

Unless otherwise specified the constants refer to the liquid substance or to an aqueous 
solution of the substance. 



Cane sugar CijH,,On 

d of solutions at 17.5^ 
(water at 4®) 


d of solutions at 17.5® 
(water at 17.6®) 


Cane sugar 

do. + 0.409 g 

= ^ mol. CaO .... 
do. d- 0.818 g 

= ^ mol. CaO .... 
do. + 1.637 g 

= 1 mol. CaO 

do. + 3.274 g 

= 2 mol. CaO 

do. + 1 mol. Na,0 

do. -fig KOH in 

100 ccm 

do. -f l.g NaOH in 
100 ccm i 

Milk sugar 

+ H,0 

Glucose CcHi,0« 

+ H,0 

Glucose CjHjjO, 

Grape sugar 



Starch sugar C,H|,0, 


20 

4—18 

— 

1+ 66.810— 0.016663 p 
1—0.000062462 p, 

Tollons 

20 

18—69 

— 

1+ 66.386+ 0.016036 p 
1 — 0,0003986 p. 


20 

1 6 — -18 

- 

/+ 66,727— 0,016634 p 
\ + 0.000062396 p, 


20 

18—69 

— 

(+ 66.303+ 0.016016 p 
1 — 0.0003981 p, 

[ + 68.66— 0.828 c 

“ 

15 

— • 

0—10 

) + 0.116416 c, 

1 = 66.6 

Ha] j = 76.08 for[a]D 

Hesse 

15 

— 

5 

+ 66.7 alcoholic sol. 


— 

— 

10 

+ 67 

Miintz 

— 

— 

— 

+ 64.9 

'• 

— 

— 


+ 61.3 

“ 

— 

— 

— 

+ 46.9 


— 

— 



+ 61.8 


16 

— 

5 

+ 66 

Hess© 

— 

— 

5,4 

dimmished by 0.170 

Pellet 

— 

— 

5,4 

“ “ 0.140 


16 

— 

2 — 12 

1 + 64.64—0.667 o 

1 + 0.06476 c. 

Hesse 

20 

8—91 

— 

1+ 47.926+ 0.016634 p 
1 + 0.0003883 p. 

Tollens 

20 

7—83 

— 

f+ 62.718+ 0.017087 p 
( + 0.000427 Ip, 


15 



2.8 

61.78 

Hess© 

15 

— 

3 

61.67 
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Substance 

t 

P 

c 

[«]d 

Observer 

IFruit sugar 

14 

62 

- 

- 

f«] j = _ 106 
“ = — 79,5 

Dubrunfaut 

“ 

90 

— 

— 

“ = — 53 

“ 

.. “ 

14 

~ 

— 

— 100 

Neubauer 



— 

12,8 

[a] j =— 104 

Jodin 

Invert sugar CgHiaO# 

14 

62 

— 

— 

“ = — 26.66 
“ = — 13.33 

Dubrunfaut 

“ 

90 

— 

— 

“ = 0 

“ 

.. 

0 

- 

17.21 

( -27.9: WtD 

\ = — (27.9—0.32 t 

Tuchschmid 

Mannitc CgHjiOj 

__ 

— 

16 

fa]j = —0.03 

Pasteur 

Qiicrcite CgH^jOj 

Activo ainylalcohol 

16 


1—10 

+ 24.3 

Prunier 

Erlenmeyer^j 

B.P. 127.5® 

— 

d=0.812 at 19“ 


— 1.8 

A r five ainylalcohol 





Le Bel 

B.P. 127® 

— 

— 


t-- 

1 

iii 

! 

Valeric acid B. P. 173®. . . 
Amvlchloride 

— 

d = 0.933 at 19® 

— 

-f 3.6 

Erlenmeyer 

‘ B. P, 97—99® 

— 

d = 0.886 at 16® 

— 

+ 1.24 

Le Bel 

Amylbrornide 






B.P. 117— 120® ... 

— 

d = 1.226 at 16® 

— 

+ 3.76 

“ 

Arnyliodido 






B. P. 144—146® . . . 

— 

d=1.64 at 15® 


+ 5.34—6.41 

“ 

Dextrotartaric acid 






C4H,0, 

20 

— 

0.6 - 16 

+ (16.06—0.131 c) 

Landolt 

Dextrotartaric acid 

17 

36.7 

— 

[a] = -P 8.62 

Biot 

Laevotartaric acid 

17 

36.7 

— 

[a]r = — 8,63 

Pasteur 

Malic acid 

10 

32.907 

— 

[«]j = — 5 



Polarizinsr apparatus: 

Hang Heelo, Berlin 0. 27. 


Polishing or grinding materials see “Grinding and polishing materials^. 

Polishing or grinding materials: 

Cannings, Great Hampton St,. Birmingham. 

Polonium see “Radioactive substances". 

Polyprene see “Caoutchouc". 

Porcelain. Porcelain is one of the dense earthenwares; the name is more 
particularly applied to those with a white and transparent fracture. Three 
Kinds are distinguished: 1, Genuine or hard porcelain (felspar porcelain), 
soft porcelain, and 3. biscuit or figure porcelain. 

1. Genuine porcelain is a white, hard, uniform mass with a fine-grained 
ir^ture. It is transparent in moderate thicknesses, cannot be scratched 
when struck. It is made by heating kaolin (China clay) 
with the so-called flux, which, itself infusible, melts with the China clay to 
^ H consists of felspar with the addition of gypsum, quartz, 

h H kaolin must be ground to a powder as fine as dust, or still 

etter be first submitted to a process of levigation and in this way separated 
am^ coarse grains. The washed clay is then mixed with the necessary 
^ ounts of felspar and quartz; the latter must also be ground very fine, 
8,lways facilitate in the case of quartz and sometimes in the case 
Qj. previously heating and cooling quickly. The wet, ground mass, 

lemo mixture, is freed from water after settlir^g ; the rest is 

oved, by filter presses until a kne«Miable plastic mass is obtained. It is, 

34 * 
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however allowed to remain a considerable time in moist cellars, whorp 
becomes much more plastic owing to a kind of fermentation or piiirofact^ 
After being kneaded once again the mass is finished; its composition 
between 40 and 66 % clay, 40 and 12 % quartz, and about 15—30 felsn * 
sometimes also with a small addition (up to 6 %) of CaCOg. 

The moulding of round and oval porcelain objects is carried out on tin 
potters’ wheel; others are made by hand, others again are cast or rolled 

In order to protect porcelain during the burning from the action of tho fire 
and the flying ash, it is burnt in capsules or boxes of fire proof clay, which 
are suitably prepared for the separate articles. A distinction is made between 
“firing” porcelain and “burning” porcelain. In the first case the moulded 
and dried porcelain objects (alone or several together in fire clay capsules) 
are heated to the melting point of silver, the clay loses its chemically combined 
water and becomes hard. It is then glazed — the porcelain glazes tmiisist ef 
kaolin, felspar, sand, and marble (instead of the latter calcspar or chalk is 
sometimes used) in certain proportions. The glazing materials are weighed 
dry and then ground together in the wet state; the glazing is carried out 
either by dipping the “fired” objects in the cream-like glazing mass suspe nded 
in water, or by pouring the glazing mass over the objects; it is sometimfs 
even sprayed on to the objects. The glazed objects are then brought into 
the capsules and burnt; the composition of the fire gases is of special im- 
portance in this process. Thus the felspar porcelain must be burnt with 
reducing gases at the beginning of red heat, and afterwards with neutral, 
or with a faintly oxidizing flame; in the first stage, before the pores have 
shut, that is before the mass fuses, the reducing gases must reduce the Fo^Oj 
compounds, which colour the kaolin yellow, so that the mass becomes whit(‘, 
while in the process of fusion the proper reduction must not be too stroni' 
so that the C contained in the mass does not ignite and give rise to bubbhs. 
In the final burning the temperature must be brought to a white lieat, wlun 
the porcelain just begins to soften. The porcelain furnaces may be (dassfd 
into those arranged so that the process must be stopped at intervals, and 
such in which the process is continuous ; most of the modem porcelain furnaces 
are heated with generator gas. The chamber furnaces consist of a row of 
chambers, in which one part is filled while the contents of another chamber 
are burning, the third cooling, and the rest are just being emptied, so that 
the process is rendered continuous. 

2. Soft porcelain includes frit porcelain, bone porcelain, and the Segtr 
porcelain : Frit porcelain has a composition similar to glass, it readily softens, 
and is a product which owes its milky transparency to devitrification. It 
made by mixing 60 parts sand with 22 parts of melted saltpetre, 7 part^ 
ordinary salt, 3.5 parts soda, 3.5 parts gypsum, and the same amount of 
anhydrous alum, fritting the mixture, powdering, washing in hot water, and 
making the real porcelain mass out of 75 parts frit, 17 parts chalk, and 8 part^ 
of chalky marl. The mixture is made plastic with soft soap and glue, or wit a 
rubber, and used as a casting material ; before glazing it is almost complete } 
burnt, the objects being very carefully supported on account of the reacy 
fusibility of the mass. The objects when burnt are no longer porous ‘and ^ 
fused glaze containing lead is poured over them, and then burnt on at a Im)^^ 
temperature than before. This beautifully transparent frit porcelain, wnic 
is known as French soft porcelain, is on account of its great sensitivene^ 
to differences of temperature gradually displaced by bone^ ^r^h^goft 
and the seger porcelain. Bone porcelain, which is also termed English 
porcelain or natural soft porcelain, consists of about 46 parts kaolin, 8 p 
orthoclase, 9 parts quartz, and 44 parts bone ash. This soft porcelain is 
completely burnt, then coated with a glaze containing lead and boron, 
finally burnt to a finish at a lower temperature. The most importan 
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porcelaiii is the Seger porcelain, which is an imitation of J apanese porcelain ; it 
consists only of clay, quartz, and felspar, the flux being here present in larger 
(itiantity than the clay substance (aluminium silicate), while in hard porcelain 
the percentage of clay is larger than that of quartz and felspar together. Usually 
geger porcelain is made from 26 % clay, 46 % quartz, and 30 % felspar. 
The mass can be readily moulded but must be dried very slowly as otherwise 
it contracts unevenly or cracks. The objects are fired just as for hard porcelain 
at the temperature of melting silver, then the glaze applied (by dipping or 
spraying), and finally completely burnt at a white heat. This process, which 
resembles that of the manufacture of hard porcelain, has the advantage that 
h 3S fusible glazes can be used instead of the readily fusible but not very 
durable lead glazes of the frit and bone porcelain; the Seger porcelain glaze 
differs only from the hard porcelain glaze in the higher percentage of alkali 
and lower percentage of sUica contained. According to a paper read by 
Heinecke at the 5th International Congress for Applied Chemistry, Berlin, 
1!)03, the author has succeeded in preparing a new soft porcelain by excluding 
felspar, introducing a specially constructed glass as a flux, and replacing 
tlie aluminium oxide of the felspar by a plastic clay substance. By this means 
porcelain masses are obtained which can be readily worked and are suitable 
for the most varied decorations. — A special advantage of the soft over 
the hard porcelain lies in the fact that a much larger variety of colours is at 
disposal; see “Porcelain colours”. 


3. Biscuit porcelain is the name given to almost all unglazed porcelains, 
but when it is to be used for decorative purposes (c. g. figure porcelain) it is 
■so constituted that the mass is fairly transparent. This end is attained by a 
Ingh percentage of flux material. In other words it must be made like seger 
porcelain, or unglazed bone porcelain itself must be used. 

Porcelain colours. Porcelain colours are coloured glasses which finely 
^^roimd, are brought on to the object with the brush, and then burnt iii. 
or the ornamentation of hard porcelain the following are to be distinguished 
1. sharp fire colours, which are so stable that they can be brought on under 
the glaze and can be burnt in together with the latter, and 2. muffle colours 
ran burnt on at a much lower temi)erature 

/U(J— 800°) in the muffle. Sharp fire colours which can stand the high 
temperature of the burning of hard porcelain without spoiling the colours 
are rather scarce. CoO is used for blue, CrgOg for green, Mn for yellow, Ni for 
Ji own and Fe for light grey -green. The muffle decoration consists either only 
giioing, or in the use of the so-called fusible colours. In gilding finely 
bismuth subnitrate and HgO is brought on to the 
u ^ X ^ muffle; the gilt only becomes lustrous after burnishing 


1 J 11 — J.L101UIU i.;uiuuio. xii gnumg imeiy 

bismuth subnitrate and HgO is brought on to the 
^ muffle; the gilt only becomes lustrous after burnishing 
f years Dutch gold has been preferred. This 

h) 1 ^ after burning appears as a lustrous layer (see “Dutch gold”). 

riilp Dutch platinum and Dutch silver are prepared. As a 

lead used for the muffle decoration consist of a readily fusible 

^ which colouring metallic oxides are added. Thus black 
blue toApT ^ adding IrOo, also by melting together FcgOg and Co-Og, 

Co 0 frr lighter blue by the addition of Zn(5 to 

veflow AT means of CrgOg and CuO, yellow colours with Naples 

^ ^ Bead colours”), PbCr 04 and Uranium oxide, brick red colours 


with P'lrple red with purple of Cassius (see “Gold colours”), coral r^ 
colours “Chromium colours”). The finely ground fusible 

silicate flrp metallic oxides mixed with the corresponding lead boro - 

oil) X with turpentine and thick oil (oxidized turpentine 

small objects, and then burnt in muffles. 

Ihe use of a beat which Seger porcelain requires for burning allows 

much greater number of colours under the glaze as well as between 
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two glazes. Sbgbr has given to his porcelain a particularly pleasing form 
of cwouring by glazes, chiefly in the bright red peach colours to the da^ 
crimson-red pink glazes (see colours^*), and the cherry red to the green, 
violet Cu«0 glares of which the former are only formed in strongly oxidizing 
flames, while the latter are only formed by the strong reducing furnace gases 
Sbgbr adapts his glaze colours to the composition of the colourless glaze 
by partly replacing its constituents by equivalent amounts of uniformly 
colouring oxiaes, thus for instance, a part of the CaO W CuO, NiO, &c. or 
on the other hand a part of the AlgOg by FcgOj, MngOg, CrgO,, UgO^, ’&c, 
The colouring power or the separate oxides is very different and they are used 
in amounts varying from 0.5 to 10 %. Thus for blue CoO is used; for light 

f reen, CuO; for dark green, CrjOj; for yellow, UjOj; for dark yellow to brown 
'ejOg; for brown, MugOg and NiO. The coloured glazes are burnt in with 
strongly reducing fire gases at the temperature of melting gold; tho glaze 
layer is still porous so that any reduced parts are again oxidized by subsequent 
burning in excess of oxygen. On this account, above the temperature of melting 
gold an oxidizing atmosphere is employed; the burning is carried out almost 
exclusively in a furnace in which the flames are above. 

The real painting of the Seger porcelain is usually carried out, as mentioned, 
under the glaze. The pure metallic oxides cannot be used as colours as they 
would otherwise dissolve in the glaze. They are on this account treated with 
sparingly soluble bases (for instance with AlgOg, CaO, ZnO, or SnOj), the 
mixture fritted, and the colouring body thus obtained treated with a small 
amount of boric acid to fix it to the objects. 

Over the glaze, the Seger porcelain may be decorated with the so-called 
enamel colours, that is, with silicates of barium and borosilicates with which 
coloured metallic oxides have been mixed. The enamel colours arc melted 
on at a gentle heat. 

Tittle (Chem.-Ztg, 1903, Repert. 12 Sprechsaal 1902, 1886) has 

prepared magnificient modem lustre-porcelain in all colours by thinly coating 
the glaze of the porcelain, which contains 2.5 % cobalt oxide and is burnt 
on in a sharp fire, with bismuth oxide, and then burning tho objects in the 
muffle furnace (Seger cone 09). The porcelain is then coated with purple 
lustre (a gold-tin preparation to be obtained from Herabus) and this burnt 
in with a weak lUutch gold fire. A uranium-bismuth gold lustre is then 
brought on to the porcelain and the whole burnt in the fusing muffle 
cone 015). The uranium-bismuth-gold lustre, which produces the real eitect 
on the porcelain, is prepared by mixing 20 g uranium lustre with 10 g bismuth 
lustre and 1 g Dutch gold. 

Porcelain pigments: 

Johnson, Mathey & Co, Ld., Hatton Garden, London E.C. (see advt.). 

Porcelain tubes. 

Porcelain tabes: 

Johnson, Mathey A Co. Ld., Hatton Garden, London E.C. (see advt.). 

Porous earthenware see “Earthenware'*, &c. 

Portland cement see “Cement”. 

Potassium. K. A. W. 39,1. The manufacture is carried out in 
similar to that of sodium but has been attended with much greater diitip 
Thus it can be obtained by heating a mixture of KgCOj with C (such a 
as is formed by carbonizing cream of tartar); the other processes for 
duction of Na have also been applied with more or less success to the man 
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ture of K. Thus KjCOa can be reduced with A1 or Mg; by means of the 
latter K may also be obtained direct from KOH; the reaction is expressed 
by the equation KOH -f Mg = K + H -f- MgO. The operation is carried 
out in distilling v^sels; after the distillation is finished, the receivers are 
dipped, together with the K contained inside, into petroleum and the metal 
scraped out after cooling; it can be purified by redistillation or by pressing 
through linen cloths. ® 

According to Germ. Pat. 138368 potassium may be prepared by heating 
calcium carbide with potassium fluoride or a double fluonde to a red heat 
in the absence of air in a suitable vessel. The K distils over; the process is 
said to be extremely cheap. According to Germ. Pat. 140737 K is obtained 
by heating a mixture of aluminium and potassium fluoride (or potassium 
sUicofluoride) in a distdling vessel: the K distils off at a low temperature 
and is obtained in the purest form. The process is without danger as no explo- 
sive potassium carbonyl can be formed; the A1 is used in pieces about as big 
as peas. * 

According to the Engl. Pat. 19196 (1903) potassium aluminate mixed with 
coal or tar may be treated in the electric furnace; the potassium is volatilized 
in a current of an indifferent gas and then condensed. 

Lorenz, Clark and Sachbr have worked out a process for obtaining K 
which does away with the formation of the heavy metallic “cloud’* which 
spoils almost the whole yield. According to their data the fused caustic 
alkali is electrolyzed in an iron vessel between a sheet iron anode and an iron 
wire cathode; the wire is passed through the bottom of a magnesite cylinder 
the lower opening of which dms into the fused mass. When the cylinder is 
almost completely filled with K, it is allowed to cool, dipped into petroleum 
and broken so that the potassium regulus can be obtained. The yield by this 
method is said to amount to 95 % of the theoretical quantity. 

For other methods of preparation, see “Sodium”. 

A lustrous, silver- white, crystaUine metal, brittle when cold but soft as wax 
at ordmary temperatures. S. G. (at IS®) 0.866; M. P. 62.60; B. P. 667o. 
is kept hke^^iu ^ decomposes HgO at the ordinary temperature, and 

The cheaper sodium is generally used instead of potassium. 

Potassium : 


Cannings. Great Hampton St., Birmingham. 
>Villy Manger, Dresden, Germany. 


Potassium carbonates. 

from CARBONATE. KgCOj. Formerly obtained almost exclusively 

contains 15.4% K^COg. In this 
madp ^ j course only applicable where there is no other use to be 

wiXmni moistened with and then lixiviated 

and no« , after having been treated three times the residue is exhausted 

1 manure. The lyes (20^36 strong) are evaporated to 

the brown residue ignited in order to destroy 

consideraL? The potash obtained from plant ash has always a 

of iiSuble also contains KCI,K2S04 and small amounts 

of ^ wood rose more attention had to be given to other methods 

charcoal present large amounts are obtamed from the residual 

cipitated PJinfication of beet root-molasses: If the sugar has been pre- 
Ihe u ^®\®®®es, or if the latter has been treated to give alcohol, 

CaCO and ^ liquid (4° B6). This is neutralized with 

or vacuum cf CaS04 has settled, evaporated in a pan 

w w oned m calcining furnaces, and finally burnt white in 
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the same (see “Distiller’s wash”). This white burnt substance varies great! 
in composition and contains between 30 % and 60 % KjCOg, while the ^ 
is lost ouring ignition. It is then ground between grooved rollers and system 
atically lixiviated. The lye flows off at a concentration of 27® Be. It 
evaporated to 40® Be and allowed to clear while hot, when K 2 SO 4 separahs 
out. The clear solution is then allowed to cool to 27®, when (principally) K( | 
crystallizes. It is now concentrated to 60® B 6 at the same time agitated bv 
a stirring contrivance, and in this way the NagCOg is precipitated. After 
standing an hour the lye is drawn off into another pan, in which a mixture 
of KCl and K 2 SO 4 crystallize out on being allowed to cool down to 50 ®. Tin 
lye is again drawn off and cooled down as far as possible and in this \eav 
sodium potassium carbonate KNaCOg -f 6 HgO precipitated. The mothr i 
liquor, after being freed from the crystals, is concentrated to 55— 570^^; 
which causes NagCOg to be again precipitated. The clear solution is tlun 
brought into calcining furnaces, first evaporated to a thick pulp, and gradualK 
heated to a red heat and at the same time constantly stirred; care must 
however be taken that the KgCOg does not fuse. After being redissolved, 
concentrated and calcined, the commercial product is obtained. 

In places where there are largo wool washing establishments potash is ob 
tained from the suint by washing the wool, evaporating the wash -water to 
dr 5 uiess, subjecting the residue to dry distillation in retorts, and lixiviatint; 
the mixture of carbon and potassium salt with HgO. The further process 
corresponds to the one described above, but it may be mentioned that suint 
has the great advantage of containing much less Na. About 6 % of the weight 
of wool is obtained as KgCOg. 

The method of obtaining KgCOg from the Sta 8 sfurt(abraum) salts is, however, 
the most important. The crude KCl is converted into K 2 SO 4 , and this further 
treated as in the Leblanc soda process, i. e. it is heated with CaCOg and C. 
Thus mixtures of 150 kg sulphate, 130 — 160 kg limestone, and 65— 80 kg of 
coal (as free as possible from ash) are heated together. The heating is carried 
out in reverberatory furnaces, and the KgCOg is then systematically lixiviated: 
the lyes must not be heated above 40®. The lyes (22 — 30® B 6 ) are evaporated 
and the residue calcined, but in order to refine it the KgOOg thus obtained 
must be redissolved in hot water, evaporated, and calcined again. 

Enoel’s magnesia process which also starts from the KCl of abraum salts 
has attained a special importance in the last few years. Engel has found that 
KCl and MgCOg, on being treated in aqueous solution with COg, react aocordini: 
to the equation: — 

3 MgO -h 2 KCl 4- 4 CO 2 -f 9 HgO 

= 2 KHCOg . MgCOg . 4 HgO) -f MgCU 

that is, on the one hand the readily soluble MgClg is formed, and on the otlwr 
hand the sparingly soluble double salt, potassium magnesium carbonate. 
The latter is fre^ from the MgClg solution by filtering, and then heated m 
closed vessels to 116®; when it is decomposed into insoluble MgCOg, and soluble 
KgCOg, with liberation of CO^ This process has been altered and 
by numerous patents (e. g. Germ. Pat. 66182) in such a manner that tn 
double salt is freed from the MgClg mother liquor by washing with magnesium 
bicarbonate solution. The double salt must not be washed with water as i 
is partly decomposed by this treatment. Magnesium bicarbonate may 
prepared according to this, patent by passing COo into nmgnesia milk, or . 
treating the latter with CO* under pressure. A further improvement 
magnesia process is the subject of Germ. Pat. 136329 and 14180 ^ accor^g 
to which the potassium magnesium carbonate is suspended m 2 
a or adilute KgOOg solution, and treated with MgO or Mg(Oil )2 
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a temperature kept below 20® by means of cooling agents, according to 
the equation: — 


2 (MgCOg . KHCOa . 4 HoO) -f MgO + H^O 

' n o TT r\\ I n/ 


= 2 (llgCOj . 3 HjO) + MgCO, + 4 H,0 4- K^CO,. 


In this way a concentrated solution of KgCOg is obtained, and the MgCOg. 
formed can be used agam for converting a further quantity of KCl into po- 
tassium magnesium carbonate. 

Numerous other improvemerits of the magnesia process have also been 
introduced ; they all aim at obtaining the MgCOg as a salt with 3 mol. of water 
of crystallization, which can be returned to the cycle. 

Germ. Pat. 143694 and 144742 for the preparation of crystalline magnesium 
carbonate with 3 HgO may be mentioned. According to the former suspended 
magnesium carbonate is treated with an excess of gas containing COg — 
allowing the percentage of COg in the gas to increase in proportion to 
amount of the carbonate, while according to the second patent 
the magnesium hydroxide is suspended in dilute KCl solution and treated 
with COa . — Further Germ. Pat. 143408 and 143595 for the preparation of 
potassium magnesium carbonate may also be mentioned. According to the 
former the heat evolved by the action of COg on MgCOg solution is neutralized 
by artificial cooling, and the double salt is kept suspended in the liquid by 
a current of gas containing COg in order to prevent it from decomposing. 
According to the other patent, after the formation of the MgCOg and before 
the addition of KCl, a part of the liquid is removed, and tlie rest enriched 
with KCl (which causes the latter to react more freely) ; the formation of the 
double salt is then brought about by passing in COg. 

Germ. Pat. 157354 is an addition to the above mentioned Germ. Pat. 136329 
and 141808. To prevent the formation of amorphous basic magnesium car- 
bonate in this process, the temperature must not be allowed to rise above 20®; 
if this rule be observed the magnesium hydroxide may be employed even 
in great excess. On this account twice the theoretically necessary amount 
of magnesia can be added at the beginning, and the resulting mixture of 
MgCOg f- Mg(OH)g used again for the decomposition of a fresh amount of 
potassium magnesium carbonate. 

Germ. Pat. 159840 allows the gases containing COg to act under a pressure 
of a least 3 atmospheres to prevent as far as possible the formation of basic 
salts; if the gases contain less than 20 — 30 % CO, the pressure must be in- 
creased still more. 

Germ. Pat. 143409 and 155007 aim at bringing about the decomposition of 
potassium magnesium carbonate so that the MgCOg is recovered as a salt with 
•> HjO. With this object, according to the former patent, the decomposition is 
HgO at a temperature not above 80®, and the 
■ iW n removed as quickly as possible to prevent it from being converted 
f ^ second patent prescribes the prevention of the escape 

during the decomposition, or allows COg to act directly on the 
• 3 HgO formed; in this process the temperature can be advantageously 

allowed to rise to boiling point. 

borne of these patents appear to be contradictory to a certain extent; the 
e ails of the actual manufacture are still partly the secret of the various 

inanufacturers. 

electrolytical preparation of KgCOg by decomposing KCl, 
1 . PROCESS, electrolytical”. The details of the 

and methods of formation are for the greater part still kept secret, 

with^ present be said whether these wfll always be able to compete 

place th process and (especially) the magnesia process, or dis- 
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For the manufacture of flint glass K^COg perfectly free from sulphates is 
necessary. For this purpose an 80 % hydrated potassium carbonate is pre. 
pared by dissolving the ordinary once refmed substance to 60° B6, evaporating 
the clear settled solution in iron dishes to a pasty, consistency removing 
the source of heatj and shaking the mass until it is fine grained and comple- 
tely dry. 

Chemically pure KgCOg caimot be obtained by recrystallization; it waa 
formerly made from cream of tartar, while it is now prepared from potassium 
bicarbonate (q. v.) by evaporating either in enamelled iron dishes, or in 
silver dishes. 

Pure KgCOg is a solid white strongly alkaline mass. The salt 2 KgCOg -|- 3 H,0 
crystallizes from very concentrated solutions in large glassy crystals, which 
are converted at 100° into the salt KgCOg + at 135° the remainder of 
the water of crystallization escapes. 100 parts HgO dissolve afc 0° 89.4 parts- 
at 20° 112 parts; at 60° 121 parts; at 100° 166 parts; at 135° (B. P.) 205 parts 


Specific gravities and percentage of solutions of KgCOg at 15° 
according to Lunge. 


S. G. 

Degrees 

Faurn^ 

KaCO, 

0/ 

/o 

1 cub.met. 
contains 
KaCO, 

kg 

S. G. 

Degrees 

Baum6 

KjCO, 

0/ 

/o 

1 cub.met, 
contains 
K..C0, 
kg 

1.007 

1 

0,7 

7 

1.231 

27 

23.6 

289 

1.014 

2 

1.6 

16 

1.241 

28 

24.6 

304 

1.022 

3 

2.3 

23 

1.262 

29 

25.6 

319 

1.029 

4 

3.1 

32 

1.263 

30 

26.6 

336 

1.037 

6 

4.0 

41 

1.274 

31 

27.6 

350 

1.046 

6 

4.9 

61 

1.286 

32 

28.5 

366 

1.062 

7 

5.7 

60 

1.297 

33 

29.6 

384 

1.060 

8 

6.5 

69 

1.308 

34 

30.7 

402 

1.067 

9 

7.3 

78 

1.320 

35 

31.6 

417 

1.076 

10 

8.1 

87 

1.332 

36 

32.7 

436 

1.083 

11 

9.0 

97 

1.346 

37 

33.8 

455 

1.091 

12 

9.8 

107 

1.367 

38 

34.8 

472 

1.100 

13 

10.7 

118 

1.370 

39 

35.9 

492 

1.108 

14 

11.6 

129 

1.383 

40 

37.0 

512 

1.116 

16 

12.4 

138 

1.397 

41 

38.2 

534 

1.126 

16 

13.3 

160 

1.410 

42 

39.3 

554 

1.134 

17 

14.2 

161 

1.424 

43 

40.6 

577 

1.142 

18 

16.0 

171 

1.438 

44 

41.7 

600 

1.162 

19 

16.0 

184 

1.463 

45 

42.8 

622 

1.162 

20 

17.0 

198 

1.468 

46 

44.0 

646 

1.172 

21 

18.0 

211 

1.483 

47 

46.2 

670 

1.180 

22 

18.8 

222 

1,498 

48 

46.6 

697 

1.190 

23 

19.7 

234 

1.514 

49 

47.7 

722 

1.200 

24 

20.7 

248 

1.630 

60 

48.9 

748 

1.210 

26 

21.6 

261 

1.646 

61 

50.1 

775 

1.220 

26 

22.6 

276 

1.663 

52 

61.3 

802 


Potassium carbonate is used in the manufacture of glass, in dyeing, bleaching 
and wool washing, for the preparation of soft soaps, and other potassium 
salts (especially potassium cyanide and potassium ferrocyanide), &c* 
Test. The sample to be. tested must, immediately on taking, be uniformly 
mixed and powdered in a diy mortar, and then placed at once air-tigni' 
bottles, as it otherwise absorbs moisture from the air. .. 

The chief things to be determined are : amount of moisture, total alkalinity, 
sodium carbonate, insoluble substances, potassium chloride, potassium su 
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K te potassium silicate and, in more impure products, the caustic potash. 

^ The amount of moirture is determined by heating 10 g substance in a 
1 tinum crucible until the weight is constant. In works the alkalinity is 
Luallv determined by weighing off 2.6 g, dissolving in distilled HjO and 
titrating with HjSOi. In the laboratory usually 6 g are weighed, dissolved, 
made up to 500 com, and 26 com (= 0.26 g potash) of this solution are taken 
nd titrated with ^/lo N-sulphuric acid at the ordinary temperature, adding 
2 drops methylorange solution (1 g methylorange in 1 litre HgO) as an 
indicator. The neutral point is shown by the colour turning from yellow 

To determine the amount of Na2C03 the carbonates are converted into the 
chlorides by evaporating with HCl, and if necessary precipitating the HgS04 
by means of BaCl^. The following determination according to Robttger 
and PRECHT is based on the different solubilities of NaCl and KCl in alcohol. 
100 parts alcohol dissolve at 15°. 

90 92.5 95 % by weight. 

Sodium chloride 0.345 0.223 0.146 parts. 

Potassium chloride 0.073 0.043 0.028 parts. 

If20g potash have been treated with HCl, &c., the resulting chloride mixture 
is washed with 90 % alcohol into a 110 cem flask, and then thoroughly 
shaken for 1/2 hour with 80 cem of 90 % alcohol. The flask is then filled up 
to the mark with alcohol of same strength, and of this solution 50 cem ( == 10 g 
K2CO3) are taken, evaporated to dryness in a platinum dish, heated gently, 
and weighed. 

The amount of insoluble substance is determined by dissolving 10 g KgCOg, 
filtering through a weighed filter, washing with hot water, and weighing after 
drying at 100°. 

To determine the amount of potass’um chloride, 2 — 10 g KgCOg (according 
to purity) are neutralized very exactly in a beaker with nitric acid — a drop 
of methylorange solution being added as indicator; then the amount of Cl 
is determined by titrating with ^/j^N-silver nitrate, using K2Cr04 as an 
indicator. 

Potassium sulphate is determined by dissolving 10 g KgCOg in HCl, filtering, 
heating to boiling point, precipitating with BaClg, and weighing the BaS04. 

Potassium silicate is estimated by dissolvingSgKaCOginHgO, filtering, adding 
HCl to the remainder, and evaporating to dryness in a platinum crucible. 
The residue is powdered, dissolved in HCl, heated, then diluted with HgO, 
and the silica precipitated filtered off, dried, and weighed. 

b) Potassium bicarbonate. KHCO3. On passing COg into a saturated 
solution of KgCOg the less readily soluble KHCO3 is precipitated. On a large 
scale pure potash solution is mixed with roughly ground wood charcoal the 
solution evaporated to dr3me8s and converted into the bicarbonate by passing 
CO2 over it. The product is dissolved in water at 70 — 80° and the salt obtained 
by crystallization. 

Anhydrous, large transparent crystals of salty taste and slightly alkaline 
reaction. KHCOg is usea chiefly for the preparation of pure KgCOg. 

Potassium compounds compare “Abbaum salts''. 

1. Potassium acetate. KCgHgOj. The neutral potassium acetate is obtained 
by the saturation of KHCOo with acetic acid and evaporation to dryness 
. this substance is dissolved m acetic acid, the acid acetate KCgHgOg . C2H4OJ 

produced. 

2. Potassium alum see “Alums". 

4. Potassium antimony tartrate, Tartar emetic, see “Antimony com- 
pounds'’. 
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4 . Potassium arsenate. KHjAs04. Obtained by fusing together equal 
parts of AS2O3 and KNO3 extracting the product and evaporating the solution 
it forms white crystals and is used in the printing of textiles and to a certain 
extent in medicine. 

6. Potassium bromide. KBr. Is usually obtained from ferrous bromide 
(see “Bromine compounds**) by adding a solution of the bromide to a con- 
centrated boiling solution of K2CO3. The Fe precipitate is made dense by 
boiling for some time and is then separated from the KBr solution by putting 
through a filter press and the KBr solution evaporated. The substance it 
purified by dissolving in 1 — 1^ times its weight of HjO evaporating, and 
allowing to crystallize slowly. According to Germ. Pat. 138008 bromme is 
added to a concentrated solution of KOH or K2CO3 to saturation 
the mother liquor is separated from the separated salt, again saturated with 
KOH or K2CO3 and Br again added. These operations are repeated alternately 
until the amount of chlorine in the mother liquor is so great that it is necessary 
to work it up. The principal advantage of this process is that within certain 
limits the separation of the KBr can be carried out simultaneously without the 
necessity for evaporation. 

Potassium bromide forms colourless crystals with a sharp salty taste, which 
dissolve easily in HjO sparingly in alcohol, and remain unchanged on exposure 
to the air. The crystals are used in photography and medicine, besides being 
employed for the preparation of other bromine compounds. 

0. Potassium chlorate. KClOg. This product was formerly made by 
passing chlorine into lime water and converting the calcium chlorate thus 
formed into KCIO3 by means of KO. For this process the lime water is placed 
in cast iron cylinders provided with stirring apparatus, into which the chlorine 
is passed. The calcium chlorate solutionis allowed to settle or is filtered, de- 
composed with the theoretical quantity of KCl and then evaporated. The 
crude crystals are purified by fractional solution and recrystallization. 

The aoove process is now almost completely replaced by electrolytical 
methods. If the hot solution of KCl is electrolyzed without a diaphragm, 
KGO3 must be obtained, for the Cl and KOH which are first formed by the 
decomposition of KCl react further with the formation of the clilorate. The 
process is modified in various ways, as for instance the addition of chlorides 
or carbonates of alkaline earths or K^COg to the electrolytes. For details 
compare “Chlorine -alkali process, electrolytical’* where the new 
patents for the production of chlorates are given. 

Besides the electrolytical method of preparation the well known process 
invented some years ago by K. J. Bayer is becoming important, since it has the 
advantage of producing as a secondary product not UaClg but the comparatively 
valuable zinc chloride. By this process (Engl. Pat. 17978, 1894), zinc oxide 
suspended in water is treated with a current of chlorine and the solution is 
further heated with the chloride of an alkali or the ZnO is suspended 
directly in a solution of the chloride, into which Cl is then conducted and 
the solution finally heated. 

This substance forms glittering, colourless crystals with no water of crystalliz- 
ation which remain unchanged on exposure to the atmosphere. 100 parts 
of HgO dissolve 3.33 at 0®, at 35® 12 parts, at 100® 60 parts of KCIO3. B is 
used in the manufacture of matches and fireworks, also for oxidizmg 
purposes, in dyeing and the preparation of chemicals; it is also used m 
medicine. 

7. Potassium chloride.- KCl. Is found almost pure as sylvine in abraum 
salts; combined with Mgdg as camaUite; it is obtained from these two suo- 
stances and also from kainite K2SO4 -j~ MgS04 -f MgCl® -f- 6 HoO, one 0 
the abraum salts, by interaction between the Ik^Cln and tne K2SO4. 

Compare “Abraum salts**. 
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The camalUte and kainite are decomposed W water at different tern- 

ratures. The different solubilities of Kd and Nad are of 
^at importance in the preparation of pure Kd. Both of these salts dissolve 
in coldBgO to almost the same extent, out the solubility of Kd increases with 
rise of temperature much more rapidly than that of Ncid, 100 parts of H2O 
at 20® dissolve 36.3 parts of Nad or 34.7 parts of Kd, at 100® 40.1 parts of 
l^ad or 56.6 parts of Kd. The separation of these two salts is assisted by the 
^ of camallite since the Mgdj (obtained by the dissociation of the carn^te 
in warm solution) is readily soluble and causes the Nad to salt out more 
readily than the Kd. The whole of Nad can therefore be separated and 
a pure solution of Kd obtained, from which the salt itself is then produced 
by- evaporation and recrystallization. 

According to Germ. Pat. 135722 the camallite employed for the pro» 
duction of Kd is dissolved by special methods at the source. 

Colourless, transparent regular crystals with a pure salty taste. 100 parts 
of HjO dissolve at 0®, 28.5 parts at 15®, 33.4 parts, and at 110®, 59 parts of 
KCl; potassium cddoride is almost insoluble in alcohol. It is employed for the 
preparation of KNO3, of potash alum, potassium chlorate and potassium 
chromate; it also serves as a manure. 

Potaninm ohloroplatinite E. 2 PFe 14 : 

Johnson’s, Cross St., Finsbury, London. 

8. Potassium chromate. 

a) Neutral potassium chromate (yellow) I^CrO^ Obtained by fusing 
chrome iron ore (>2 FeOi with KgCOj and KNO3. The melt is ground ima 
theK«Cr04 extracted with hot water. The solution, after the^iOs and ^^^2 
have teen precipitated by the addition of crude acetic acid, is concentratea 
by evaporation and allowed to crystallize. Other methods of preparation are 
also us^ ; a large quantity of K^04 is produced from K2Cr207 by saturating 
a solution of the latter with KjCO^ evaporating and c^stalfizing. According 
to Germ. Pat. 143251 certain oxidming agents like PbO«, Mn02, K^MnO^, &o., 
which are not decomposed by hot dilute for the electrolytical 

decomposition of the chrome iron ore. The oxidizing agents can be automatic > 
ally regenerated in the solution by electrolysis. According to Germ. Pat. 
143320 and 146491 the solution of some salt is used for preparing potassium 
chromate. A diaphragm and an anode of chromium or a chromium alloy 
are used in the electrolysis. An insoluble anode can also be used in place of 
the above, in which case the electrolyte consists of a mixture of chromium 
sulphate and potassium sulphate kept alkaline by the addition of lime. Finally 
mention should be made of Germ. Pat. 151132 by which chrome iron ore is 
fused with caustic alkali in presence of air. Lime is added to the fused sub- 
stance to precipitate the aluminate and silicate, and the chromate is separated 
from excess of KOH by evaporation. This method is said to be cheaper 
than those hitherto employed, cdthough it involves the use of KOH, since all 
the KOH, not combined in the form of chromate, can be recovered and used 
3gain ; the low temperature at which this process is carried out renders it 
more economical as re^rds fuel. 

According to Germ. Pat. 163814 chrome iron ore is fused with NaOH at 
^ — 600®. Oxygen carriers such €bs manganates, permanganat^, CuO, PbO 
and FojOg are added, and air is led througn the fus^ mass. An improvement 
of this method is described in Suppl. of Germ. Pat. 171089. 

The crystals are anhydrous and pale yellow in colour. They have a cooling 
^d bitter metallic taste, readily soluble in water, insoluble in alcohol. K2Cr04 
is used in dyeing and for the preparation of chrome yellow and chromium ink. 

Test. The amount of (^3 is aetermin^ by strongly acidifying the aqueous 
solution with H2SO4, reducing with an excess of Mohr’s salt, (ferrous ammo- 
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nium sulphate), and (titrating in the weak solution) the excess of FeS04, with 
KMn04 solution. Very often the K2Cr04 contains considerable quantities 
of K2SO4. The strong aqueous solution acidified with HG and treated ;v1th 
BaClg gives an insoluble precipitate of BaS04. impurity is to be quan. 

titatively determined the weak hydrochloric acid solution is precipitated with 
BaCl2 and the precipitate digested with HCl and alcohol to remove the BaCrO^. 

b) .Potassium bichromate. K 2 Cr 207 . This substance is produced by 
roasting ground calcined chrome iron ore with quick lime and KgOOg to a rod 
heat and extracting the K2Cr04 and CaCr04 produced with a solution of 
K2CO3 or K2SO4. If the solution is then slightly acidified with 
and evaporated KgCrgO, crystallizes out. Accordindi to Germ. Pat. 
128194 the pulverized mixture, which contains about equal molecular 
proportions of K2Cr04 (or Na2Cr04) and CaCr04, is diluted with water and 
treated with CO2 and NH3 till all the CrOg has passed into solution and the Ca 
is precipitated as CaCOg. The undissolved and precipitated substances are 
then removed and the solution boiled to remove the NHg from the (NHj, 
Cr04, from which finally the solution of KgCrgO, or Na2Cr207 is obtained and 
finally evaporated. 

(NH 4 ) 2 Cr 04 -f K 2 Cr 04 = Kfirfi, + HgO -f 2 NHg. 

According to Engl. Pat. 2211 (1903) the calcium chromate obtained 
by fusing chrome iron ore is treated with water and such quantities of K 2 C() 3 , 
NHg and COg that a mixture of K2Cr04 and (NH4)2Cr04 in equi-molecular 
proportions remains in the solution, while CaCOg is precipitated. The filtered 
solution is boiled, the NHg escapes and a solution of K^CrgO; is obtained. The 
whole process appears to be a modification of the one given above. 

The crystals, wnich are anhydrous and not affected by the air have a bitter 
metallic taste, are red in colour, and have a caustic and poisonous ac^tion. 
190 parts of HgO dissolve 6 parts at 0®, 29.1 parts at 40®, 102 parts at 100® 
of the substance, which is insoluble in alcohol. It is used in the manufacture 
of coal tar colours, for chromium preparations, as a mordant, in the manu- 
facture of matches, for the purification of wood vinegar, in photo- 
graphy, &o. 

Test. The CrOg is determined by titration and the SO3 by gravi- 
metric analysis as given above in the test for neutral potassium chromate. 
A percentage of 67.5 — 68.0% CrOg is guaranteed for commercial KgCrgO^. 

9. Potassium cyanide. KCN. Formerly this substance was obtained by 
fusing 8 parts of anhydrous potassium ferrocyanide with 3 parts of calcined 
KgCOg in a covered iron vessel. The product contains potassium cyanatc, 
the formation of which can, however, be prevented or at least decreased by the 
addition of C during the fusion. The mixture melts more readily if NajCOy 
is used instead of KgCOg. In this way the so-called cyanide salts, a mixture 
of KCN and NaCN, are obtained. Pure KCN is obtained by heating dry 
ferrocyanide of potassium in covered iron crucibles, K4Fe(CN)e == 4 KC^ 
+ FeCg + Ng. The iron carbide settles at the bottom of the crucible; the 
KCN is poured off, extracted with diluted alcohol and after the alcohol is 
distilled off, the salt is fused. Since an impure product is obtained by fusing 
potassium ferrocyanide with KgCOg in an iron crucible, it has been customary 
for some time to add metallic sodium, when all the cyanogen is obtained in the 
form of cyanide. 

Recently KCN has been made in decreasing quantities from potasMum 
ferrocyanide; the greater amount is now prepared synthetically accordmg 
to four methods namely : — 1. Siepermann^s (Stassfurt), 2. Beilby’s (Glasgow), 
3. Rasghen process (United Alkali Co.), 4. Improved Castnbr process. 

According to Siepermann (Germ. Pat. 61260 and 61662) a mixture oi 
coarsely ground charcoal and KgCOg is brought to a bright red heat in retorts 
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mass is lixiviated 
on cooling, the 
oeing centrifuged 

and recrystallized. The Germ. Pats. 126441, 126442 and 133269 treat of 
alterations of the latter process. 

Beilby’s process is a modification of Sibpbrmann's ; Bbilby does away 
with the difficulties of lixiviation in the preparation of cyanide by adding 
cyanide already prepared to the mixture, the melting point is thereby aepressed 
and in this way a hish percentage of cyanide attained in the fused mass. The 
Amer. Pat. 787380 mso comes under this category; according to this method 
the mixture of a cyanide of an alkaline earth (which may contain cyanide) 
with alkali carbonate is heated — with or without the addition of charcoal — 
to a red heat. The fused mass is then lixiviated, after which the alkaline earth 
compounds are precipitated with NaHCOj, and the filtered solution con- 
centrated. 

According to the process of the United Alkali Co., cyanide may be obtained 
by the oxi&tionof sulphocyanide compounds with HNO^ but this (theoretic- 
ally) veiy elegant process proves to be very complicated in practice. Under 
this heading is also included the Germ. Pat. 146748 according to which the 
cyanogen gases which also contain 0 from the air and nitric oxide, formed 
by the oxidation of sulphocyanide salts with HNOg, are not absorbed as usual 
by means of caustic alkalies, but are passed at a dark red heat over alkaline 
carbonates. Germ. Pat. 160637 may be classed in this group; gases containing 
HCN are passed over solid caustic alkali which Decomes heated to a 
temperature which, though it is below the M. P. of the caustic alkali, is 
stiir above the point of evaporation of the water formed by the reaction. 

The fourth of the processes employed is that of Castner protected by 
Germ. Pat. 126241; as alkali metal is the direct starting point it is only of 
importance for NaCN. (See Sodium cyanidb in the article “Sodium com- 
pounds'’). 

The preparation of alkali cyanides according to Frank and Erlwein (Amer. 
Pat. 775963 and 786161) is quite new. Here the N of the air is the starting 
point and from this calcium cyanamidefsee “Calcium compounds") is obtained. 
If the calcium cyanamide is lixiviated with water dicyandiamide is obtained 
(CNNHjlj as a white salt according to the equation: 

2 CaCNj + 4 HgO = 2 Ca(OH), + (CNNHJ^. 

By sinmly re-fusing the dicyandiamide with potash and charcoal white 
100 % KCN is obtained; the reaction is expressed by the equation: — 

(CNNHa)j -f- K 2 CO 3 + 2 C = 2 KCN + NH 3 + H -f 3 CO -f N. 

Germ. Pat. 149694 starts from N and combines it with the help of a carbide 
exactly as in the P^ank and Erlwbin's process. A mixture 01 carbide and 
coarsely ground coke is fused in an electric furnace and then the mass treated, 
after cooling below the M. P. of the carbide, in the porous state with N, until 
it just solidifies. The conversion of the calcium cyanide into KCN offers no 
further difficulties. 

Germ. Pat. 176080 deals with the preparation of cyanide from the nitrides. 
Many metals give rise to these compounds, but Ca and Mg nitrides are usually 
employed for this purpose. 

The nitrides are heated with alkaline carbonates and coke: the mixture 
gets very hot and cyanide is formed throughout the mass without the further 
addition of heat. 

^ greasing amounts of KCN are at present formed by passing HCN into 
; with regard to the methods by which HCN is obtained, see ‘‘Cyanogen 

compounds". 


The fused 


and then a uniform current of NHg passed over, 
until the S. G. 1.4 is reached and then treated with KgCO 
..rApfpr nart of the KCN separates out and is purified by 
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Methods for obtaining cyanides of the alkali metals from gas purifv 
residues, from molasses and many other processes, cannot be here treated, as 
of them are without great practical importance. A great amount of wo t 
is being done at present in this direction — a proof that the demand for tl ' 
salt is very great. The same may be said of the processes for the purificatin^ 
of KCN; according to the Glerm. Pat. 128360 it may be obtained by placing 
the solid crude KCN in a sieve-crucible which is heated from the outside. The 
pure cyanide melts and can be run off by suitable contrivances while the ini 
purities remain behind on the sieve inside the crucible. Another piirifyin.! 
process is that of the French Pat. 347373. In this process the crude cyanide 
is distilled in the presence of HgO and ammonium salts: the NH^CN whicii 
passes over is caught in caustic alkali. 

Colourless crystals, or after melting, a crystalline mass; tastes sharply alkaline 
and possesses a smell resembling bitter almonds, decomposes in the air (CO.i 
with formation of HCN, is very readily soluble in HgO, sparingly soluble in 
alcohol, and is extremely poisonous. It is employed in electroplating, in 
photography, for the preparation of cyanide compounds and for the 
extraction of gold, as well as for the preparation of numerous organie 
compounds. 

Potassium cyanide: 

Johnson’s, Cross St., Finsbury, London. 

10. Potassium iron sulphate (Iron alum), see “Alum’’. 

11. Potassium ferbicyanide, see “Iron compounds”. 

12. Potassium ferrooyanide, see “Iron compounds”. 

13. Potassium fluoride. KF obtained by neutralizing HF with K/TJ;, 
and evaporating to the point of crystallization. Acid potassium fluorides 
of the formula KF . 3 HF, KF . 2 HF are known. The preparation of 
potassium fluoride must be carried out in vessels of platinum. 

14. Potassium hydroxide. KOH. In order to obtain solid caustic alkali 
the lye is evaporated further in polished cast iron boilers ; if the preparation 
is to be perfectly free from Fe the evaporation must — as soon as the lyo 
has reached the S. G. 1.16 — be continued in vessels of pure silver; during the 
concentration the K^COs and K 2 SO 4 , which separate out, are removed. As soon 
as a sample of the mass solidifies on cooling it is cast into sticks in silver 
moulds, or continually stirred while cooling in the boiler. The preparation 
is purified by dissolving in alcohol. 

In the electrolytical preparation of KOH from KCl according to the equation 
1 : KCl = K + Cl and II : K -f H.O = KOH + H a great number of difficulties 
had to be overcome before attempts to render it serviceable in practice were 
successful. The operation is carried out either in vessels in which the anodi' 
and cathode chamber are separated by a diaphragm or in cells without a 
diaphragm. The anodes consist as a rule of gas carbon (or platinum, iron 
sulphide, calcium silicide, &c.), the cathodes of mercury -or iron. Numerous 
proposals have been made with regard to the apparatus as well as to tlw 
details of the process; those which have proved themselves good are still 
to a great extent the secret of the firms concerned. For fuller information, 
concerning the electrolytical preparation of KOH, see “Chlokine alkau 
PROCESS, electrolytical”. 

The removal of the water from KOH has caused many difficulties, because 
vessels of Fe and Ni are very strongly attacked at a red heat so that these 
metals afterwards occur as impurities. If Ni be used (according to Gerni. 
Pat. 82876) potassium peroxide is formed as a by-product by electrolytic^* 
decomposition; this impurity is objectionable for many purposes (e. g- 
indigo fusion). All these faults are avoided by French Pat. 352076 accordmg 
to which — starting from KOH of 50® — the removal of the water is carrie 
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under diminished pressure at 260®, that is, below the melting point of the 
KOH the mass becomes thick and solia and falls to a powder when properly 

potassium hydroxide is colourless and odourless, crystalline, a 
powerful caustic, readily soluble in and alcohol; it deliquesces 
' uicklv in the air and readily absorbs COg. It is used for the manufacture 
of soft soaps, oxalic acid as a caustic, for drying gases and liquids, as well as 
for the absorption of COj. Sodium hydroxide is now usually employed 

^° 1 ^.^ 0 TASSiuM Hypochlorite, see “Bleaching'*, (Eau de Javelle) and 
^^Chlorine * alkau process, ble ct rolytic al . 

16. Potassium iodide. KI. Is obtained either from iodine and pure KOH 
(6 KOH + 3 Ij = 5 KI -f KlOg + 3 HjO) or from ferrous iodide and KgCOj. 
Instead of ferrous iodide, Felj — which is obtained by the direct combination 
of I and iron filings in presence of water — ferrous iodo-iodide Fegig, which 
is obtained directly W adding I to the green Felg solution, can be employed 
with better result. The resulting solution is boiled with KjCOg: 

Fcglg -f 4 KjCOg = Fe 304 (is precipitated) + 4 COg + 8 KI. 


The cuprous iodide, obtained in large amounts from the mother liquors of 
Chili saltpetre, is converted by the action of HgS and addition of KHCOg 
into KI. 

Colourless and odourless, very salty and somewhat bitter tasting crystals, 
readily soluble in HgO, sparingly in alcohol. The aqueous solution dissolves 
a great amount of iodine with formation of KIg. KI is used chiefly in photo- 
graphy and medicine. 

17. Potassium magnesium sulphate. K2SO4 . MgS04. Is obtained 
according to different methods from kainite and schoenite (see “Abraum 
salts”). According to Brecht the crude kainite is heated in iron boilers 
under a pressure of 2 — 4 atmospheres with a lye which is saturated with 
potassium magnesium sulphate and NaCl. Potassium bimagnesium sulphate 
is formed which is known as Brecht’s double salt. It is calcined and ground 
and brought directly into commerce as potassium magnesium sulphate. It is 
used almost exclusively as manure. 

18. Potassium metabisulphitb, see No. 34 b “Potassium sulphite”. 

19. Potassium molybdate. The common salt potassium trimolybdate 
KgMogOjo i® obtained by fusing together 1 mol. of molybdic acid with 2 mol. 
KgCOg and extracting the fused mass with boiling HgO, or by saturating 
boiling caustic potash solution with molybdic acid. 

Pine glistening needles, which are almost insoluble in cold, readily soluble 
in boiling water. 

20. Potassium nitrate, see “Saltpetre”, 

21. Potassium nitrite. KNO,. Obtained by bringing KNOg (either alone 
or mixed with galena) into a red hot crucible, or by melting KNOg with lead 
or copper turnings. The French Pat. 353467 aims at the recovery of the large 
quantity of lead oxide obtained as a secondary product in the nitrite manu- 
facture, by reducing it to metallic lead. 

Of recent years numerous other methods for the manufacture of nitrites 
nave been proposed. Thus the process of the Germ. Pat. 117298 consists 

passing SO* (as free as possible from air) over a mixture of alkali nitrate 
bn this case KNOg) and the oxide or carbonate of an alkaline earth which has 
been heated until it almost sinters ; the reaction can be expressed by the follow- 
jng equation; KNOg -f CaO + SOg = KNOg + CaSO*. On a large scale 
ne necessary thorough mixing of CaO and KNOg is attained by slaking 
caustic line with a saturated KNOg solution; the yield is said to be almost 
quantitative and the separation from the insoluble gypsum can be carried 

Blucher. 36 
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out very easily. Accordint? to the more recent Germ. Pat. 138029 saltpetre 
can be reduced with sulphites; the KNO3 is melted in the presence of KOH 
and anhy^ous sulphite is allowed to act on the fused mass at a temp, of 
320—4200; the whole must be thoroughly stirred during the reaction. The 
nitrite formed is obtained by lixiviation with nitrite mother liquor and by 
crystallization. If all overheating is carefully avoided the 5deld is almost 
theoretical 


Germ. Pat. 160671 prepares KNOj by fusing saltpetre with lime and graphite, 
and lixiviating the nitrite from the resulting mass, while the residue is returned 
to the process again. 

According to French Pat. 335229 NH3 mixed with air or O is passed over 
metallic oxides (such as FegOg or CuO ; it is advantageous to use ground and 
roasted pyrites) heated to 650 — 750®, and the resulting nitrous anhydride 
passed into a solution of KOH or K2CO3. 

Attempts to make use of the nitrogen of the air have also been directed 
to the nitrite manufacture. According to the French Pat. 346066 the gaseous 
compounds of N and 0 obtained by electric discharges in air are passed into 
caustic lye, when a mixture of nitrite and nitrate is formed. The sarae 
reaction is treated of in the French Pat. 350619. In this case, however, nitrite 
free from nitrate is obtained because the gases obtained by the electric dis 
charge in air are passed directly into an absorption vessel filled with caustic 
alkaU. The action is said to correspond to the equation 
2 NO -{- 2 KOH = 2 KNO* -|- H^O. 

According to French Pat. 363643 nitrite is ootained from NO and 0 by 
keeping the temperature at 300®. In this way the further oxidation to 
is prevented. The carbonates of the alkalies or alkaline earth hydroxides are 
us^ to absorb the gas. 

Colourless, ill-formed crystals which deliquesce in the air and readily dissolve 
in HjO but not in alcohol. It is used for the preparation of azo-compounds, 
ethyl nitrite, &c. 

22 . Potassium oxalates. 

a) Neutral potassium oxalate K2Ca04 -f H^O. It was formerly obtained 
by the neutralization of oxalic acid with K2CO3 and evaporating down to 
the point of crystallization. Now the oxalates can be prepared according to 
Goldschmidt's process from salts of formic acid: thus potassium oxalate 
can be obtaineef (Germ. Pat. 111078) by heating a mixture of potassium 
formate and K^COj. Germ. Pat. 144150 provides in the same process for the 
addition of already prepared potassium oxalate by the heating of the formate — 
this is said to simplify the process and increase the yield. According to Germ. 
Pat. 161512 when heating the formate a small amount (not above 6 %) 
free alkali should be added. 

b) Potassium binoxalate (acid potassium oxalate ; Klee’s salt). KHC2O4 

-h HjO. Obtained by saturating oxalic acid with K0CO3, dissolving an equal 
amount of oxalic acid in the liquid and evaporating till the solution crystallizes, 
or from the neutral salt by the addition of a corresponding amount of oxalic 
acid. The commercial salt contains usually potassium tetroxalate KH3(C204)2 
4-2H3O. . 

KHC3O4 forms colourless poisonous crystals which are imchanged in the air, 
have a bitter taste and an acid reaction, soluble in 25 parts of cold H2O 


in 14 parts hot H,0. Finds the same use as oxahe acid. ^ 

c) Potassium TETROXALATE (Potassium quadrioxalate). KHC2O4+H2C2J/4 
2 HjO. This salt, which was recommended by Kraut in place of oxaUc 


acid for determining the'stren^h of standard solutions because it 
prepared pure and does not alter in the air, is obtained by mixing a 
saturated of potassium oxalate with the theoretical amount of a hot saturateo 
oxalic acid solution; the salt can be purified by repeated orystallizatioP- 
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23 . Potassium oxidb. KoO. Until a short time ago it was still a matter of 

uncertainty as to whether K or Na were able to form normal an^drous 
oxides. Now the preparation of these oxides can be carried out (see Sodium 
OXIDE under “Sodium ooapouNDs'') ; thus to obtain K^O (Germ. Pat. 143216) 
potassium nitrate (or nitrite) is heated with metallic potassium in the pro- 
portions corresponding to the equation ICNO3 + 5 K = 3 KjO -f N. This 
process must be carried out in the absence of air, and a small excess of K 
must be present so that the K2O is free from peroxide. forms a grey 

crystalline mass on cooling, which quickly turns into the yellow peroxide 
in the air. It reacts very strongly with HgO and becomes partly oxidized; 
black drops of fused KjOj are formed which fly about. (For further methods 
of formation see Sodium oxide under “Sodium compounds''.) 

24 . Potassium perchlorate. KCIO4. It is prepared by heating KCIO3 
until the mass, which is at first fluid, becomes pasty and the evolution of O 
ceases. The mass, which now consists of a mixture of perchlorate and chloride 
(2 KCIO3 = KCIO4 + KOI + 20), is lixiviated with cold water, KCl goes 
into solution, while the very sparingly soluble KCIO4 remains behind. The 
latter is dissolved in boiling water and purified by recrystallization. With 
regard to the electrolytical manufacture see under “Perchlorates" and 
“Chlorine-alkali process, electrolytical". 

Anhydrous crystals with a slightly cooling taste. 1 part dissolves in 70 parts 
of cold HgO (10® C) and in 6 parts of boihng HgO. As it is less readily de- 
composable than the chlorate it can be used with advantage instead of the 
latter; it also finds employment in the manufacture of explosives on account 
of its high percentage of oxygen. 

26. Potassium percarbonate. It is formed by the electrolysis 

of a saturated aqueous solution of K2CO3 at — 10® in the anode chamber. 
In the dry state it is colourless and stable, in the moist state it is coloured 
blue and is unstable. It decomposes in warm aqueous solution, when the 
O^liberated acts as an oxidizing agent; the aqueous solution is decomposed 
by dilute acids with the formation of HjOj. It is said to be a bleaching agent; 
it is also employed in photography to destroy fixing salt. 

26. Potassium permanganate. KMn04. Can be prepared by mixing 
500 kg KOH (S. G, 1.44) with 106 kg KCIO3 and 180 kg of pulverized MnO^, 
evaporating to dryness and heating the cooled powder in crucibles until 
the mixture is pasty. The fused mass which consists of K2Mn04 is converted 
into permanganate by boiling with water and passing in COg. The solution 
18 filtered through gun cotton, evaporated, and allowed to crystallize. The 
oxidation of K2Mn04 to KMn04 can also be brought about with the help 
of Cl as well as by the electric current. According to Germ. Pat. 118232 
ozone is used for converting the fused manganate into permanganate which 
results in a quantitative yield. A very concentrated solution is employed 
and ozonized air passed through; the KMnO^, which is sparingly soluble in 
the strongly alkahne solution, is precipitated in the crystalline state and can 
be obtained by centrifuging. 

Blackish red, glistening crystals with a metallic -green lustre which dissolve 
P 12 parts HgO at 20® C. The solution is a strong oxidizing agent. KMn04 
18 used for mordanting wool, for bleaching textile fibres, for purif3dng NH3 
and COg; it is employed as a disinfecting and oxidizing agent, in memcine, 
in photography, and for the preparation of oxygen. 

I Test. The solution acidified with H2SO4 is completely decolourized by 
^ming with a small amount of oxalic acid, and gives on supersaturating with 
nf I? . ®^dition of (NH4)2S a flesh-coloured precipitate of MnS. The presence 
^ chlorides can be shown bjr heating the salt with dilute H2SO4; d is 
v^olved which can be identified by the smell or (in small amounts) by means of 

36 * 
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KI starch paper. The percentage of the purer commercial varieties is determine^ 
by titration of the dilute solution, acidified with H 2 SO 4 , with an iron 
solution of known strength. To estimate the H 2 SO 4 the solution is boiled 
with a large amount of HCl and the H 2 SO 4 precipita^ with BaClj solution 

27. Potassium pbbsulphatb. KgSgOg. See “Persulphates”. 

28. Potassium phosphate. The neutral potassium orthophosphate K 3 P 0 
is obtained by heating phosphoric acid with excess of K 2 CO 3 , mssolviug the 
mass in H-O, and evaporating; it forms small crystalUne needles readily 
soluble in HgO. 

The usual salt (dipotassium phosphate) K 2 HPO 4 is obtained by saturating 
H 3 PO 4 with K^COg until the reaction begins to be alkaline. 

The other acid salt moncmotassium phosphate KH 2 PO 4 is obtained by the 
addition of H3PO4 to KgCOg solution until litmus paper is turned red, and 
then evaporating. It forms acid-tastii^ crystals which readily dissolve in HgO. 

29. Potassium sulphocyanide. KCNS. It is prepared by double de- 
composition of the solution of barium sulphocyanide (see “Barium com- 
pounds**) or of calcium sulphocyanide (see “Calcium compounds*’) with 
K,S 04 or KgCOg. Further it can be obtained by the distillation of ammonium 
sulphocyanide solution (see “Sulphocyanide compounds’*) with KOH or 
F^COg. Finally it may also be prepared from copper sulphocyanide (see 
“Copper compounds**) by decomposing the latter with potassium sulphide. 

The KCNS solutions are evaporated to 46® Be and on cooling the salt 
crystallizes out without any water of crystallization. 

30. Potassium silicate, see “Water glass**. 

31. Potassium sulphates. 

a) Neutral potassium sulphate. K 2 SO 4 . It is obtained from kainite 
and schoenite (see “Abraum salts**). The former salt is first converted into 
potassium magnesium sulphate and this decomposed with KCl. K 2 SO 4 
IS obtained in a manner exactly analogous to that used for Na 2 S 04 by the 
decomposition of KCl with H 2 SO 4 in the sulphate furnaces. 

Hard, anhydrous slightly- bitter, salty tasting crystals, sparingly soluble 
in HgO, insoluble in alcohol. It is used for the manufacture of potash alum, 
glass, and as an artificial manure. 

b) Potassium bisulphate (Acid potassium sulphate). KHSO4. Obtained 
from the above with excess of H 2 SO 4 . 

32. Potassium sulphide. Compounds of K with S. Only those 
polysulphides have any technical importance which have more than 
1 atom of S for every 2 atoms of K. Liver of sulphur is a mixture of 
polysulphides and is obtained by fusing together 1 part of S with 2 parts 
of dry KgCOg, or by the wet method, by the evaporation to dryness of a 
mixture of 10 parts KgCOg, 4 parts S and 3 parts HoO. Liver of sulphur is a 
yellowish-brown (afterwards yellowish-green) alkaline, caustic, poisonous 
mass readily soluble in HgO and alcohol. It decomposes in the air with the 
evolution of HgS. It is used especially for the preparation of sulphur baths. 

According to French Pat. 319187 in order to obtain alkali sulphides the 
sulphates of the alkalies are mixed with somewhat more charcoal than is 
necessary for the conversion into the monosulphides and the mixture then 
exposed to the heat of an electric furnace (electric arc or resistance). The process 
must be carried out in absence of air. 

33. Potassium sulphites. 

a) Potassium sulphite. KgSOg. It is obtained by passing SO 2 hito a 
solution of K2CO3 until all the COg has been expelled. 

Bitter tasting, strongly alkaline, somewhat deliquescent crystals, ve^ 
readily soluble in cold HgO, less easily soluble in hot HgO, almost insoluble 
in alcohol. It is brought into commerce both in the solid state and lu 
solution. 



Praseodymium. 


549 


b) Potassium bisulphite (acid potassium sulphite). KHSO«. Obtained 
by supersaturation of concentrated K0CO3 solution with SOj. On oeing heated 
it yields potassium pyrosulphite K2S2O5 for which the inappropriate name 
poUssium metabisulphite has become general. 

34. Potassium tartrate (potassium bitartrate), see “Cream op tartar" . 

35! Potassium sodium tartrate. KNaC4H403 + 4 HgO. Obtained from 
crude cream of tartar and the calcium tartrate contained in it by the addition 
of the theoretical amount of K2CO3 and NagCOg. HgS precipitates Fe and Cu 
from the solution, the CO2 is expelled by boiling, andf the solution then evapor- 
ated until it crystallizes. 

It forms large colourless, cool and slightly salty-tasting crystals, readily 
soluble in H2O, sparingly in alcohol. Is used in medicine and also in analytical 
chemistry. 

36. Potassium tungstate. K2WO4. Prepared by adding 1 part of powdered 
wolframite to 1 part of fused K2CO3 and boiling the resulting fused mass 
with HgO; or by dissolving tungstic acid in KOH. 

Hygroscopic salt, which is soluble in an equal weight of cold water, in- 
soluble in alcohol. 

Potassium metatungstate K2W4O13 and potassium paratungstate K10W12O41 
are also known. 

37. Potassium xanthatb see “Carbon bisulphide’'. 

Potassiam compounds: 

Willy Manger, Dresden, Germany. 

Praseodymium see “Didymium”. 

Precipitate, red, see “Mercury compounds”. 

Preparing salts (sodium stannate), see “Sodium compounds”. 


Presses : 

W. Stamm, 25 College Hill, London E.C., Sole agent for Friedr. Krupp A.-O. Qruaonwerk, 
Magdoburg-Buckau, Germany. 

Hydraulic Presses: 

Wegolin A Huebner A.-G., Halle a. d. S., Germany. 

Prirnuline. A coal-tar dyestuff. See “Thiobenzyl dyestuff” and “In- 
grain colours”. 

Printer’s ink. The most important and most used is printing black. Printing 
black is made of the soot of oil, resin or naphthalene, mixed in special mills 
with the best varnish to a fine, smooth, plastic mass. Clompare “Soot”. The 
varnish is often first mixed and melted with colophony and soap, the soot 
being added after cooling. The colour is often improved by adding finely 
ground indigo or Paris blue. Germ. Pat. 182221 treats of the preparation 
of a printer's ink in which the carbon is replaced by magnetic iron oxide 
obtained by special methods from ferrous salts. 

Coloured printing inks are made on the same principle ; a light coloured 
varnish being mixed with suitable mineral colours^ such as the following: 
Antimony sulphide, chrome red and vermilion. 
bLUE. Paris blue, idtramarine. 

Green. Chrome green, Schweinfurt green. 

Bellow. Chrome yellow, chrome orange. 

^OWN. Burnt ochre, Cassel brown, mahogany brown. 

'^hitb. Lead white, zinc white. 
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Purple. Crimson, and varnish colours. 

The lighter shades are obtained by adding zinc white to the various colours- 
The colours given in no way exhaust the list of those in use; every factory 
has its own methods, which are not published, for making colours. ^ 

Composition for printers* rollers: 

E. T. Gleitsmsnn, Dresden, Germany. 


Printing, ol cottons, &c. The material is printed by putting through 
copper printing rollers on which the pattern is deeply cut. To prevent the 
liquid colour or mordant from spreading, these substances are mixed with 
some thickening material such as starch, dextrine, albumen, gum arabic 
tragacanth or gelatine. The printed stuffs are dried either by passing over 
heated steam plates or in steam chambers; or again in some cases liot air 
chambers are used. The pattern on the dried stuff is then fixed by steaming, 
that is by drawing the material through a steam boiler. 

The thickened colour is either pressed directly on to the textile (direct 
printing) or substances, the so-called reserves, are printed on, these substances 
being such as prevent the parts covered from being dyed by the coloured bath 
into which the stuff is then placed (reserve or resist printing) . Another metliod 
is : — first to dye the whole piece and then to print with agents which dt;stroy 
the colour within the pattern (discharge printing). 

Direct cotton dyes are not very frequently used since they are often not 
fast to washing. Compare “Substantive dyes’". They are thickened with 
albumen and printed direct on to the material; or white patterns are made 
on the dyed material by printing stannic salts, acetate of tin, or powdered 
zinc -f NaHSOg over the colour. The stuff is then steamed, washed, and dried. 
This process is termed Chemical discharge work, or discharge printing, 
This method is well adapted for use with azo colours, as they are converted 
by the above-named reagents into colourless products. If the discharge 
work is to be itself coloured the chemicals are mixed with colours which are 
not affected by the reagents. In this way coloured patterns on material 
of another colour are obtained. 

Basic colours (q. v.) are usually mixed with tannin and acetic acid 
before printing. During the process of steaming the latter evaporates and 
the tannin colour remains as an insoluble dye. After steaming the material must 
be drawn through a warm bath of tartar emetic to render the colours still 
more fast. The textile can also be printed with tannin, drawn through tartar 
emetic, and finally dyed with basic colours; m these cases, only the pattern 
made by the mordant will remain on washing. 

Mordant dyes are thickened, mixed with basic salts, metallic oxiebs, 
chromium, iron or aluminium oxide mordants, and acetic acid and then 
steamed. As the lake is only formed after steaming, mordant colours are 
sometimes termed steam colours. Compare “Mordant colours”. Another 
method is to print the material with thickened mordants, then fix and dry, 
after which it is dyed with a mordant colour, which is in its turn again only 
fixed where the pattern has already been treated. 

Resist printing with mordants, is done by printing the material with tartario 
acid or citric acid and then dr^g. The mixture of mordant and mordant 
colour, which then first comes into action, is not fixed on the places prmted 
by the acid. In chemical (hscharge work the material is first treated with a 
mordant and then printed with a weak acid and finally dyed. On the other 
hand, materials which are already dyed are discharged with oxidizing agents 
such as KjOgOy -f H2SO4, or with mixtures which liberate chlorine, &c. 

Those colouring matters which are first obtained on the fibres are also 
important in printing or other methods. 
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Calico printing is the most important branch of the subject. 

In wool printing the acid colours used for dyeing cotton are scarcely ever 
mployed. Compare “Acid dyestuffs**. They are thickened and (after mixing 
^ith the acids) printed on the wool, which must have already been subjected 
to the action of chlorine, and then steamed. Most of the acid colours can be 
discharged by reducing agents. 

The printing of silk is carried out much in the same way as the printing of 
woollens. Besides the methods of direct printing and printing by chemical 
discharge, resist printing is also adopted, the silk being printed with fatty 
resists and then dyed. , , . 

Improvements and novelties in the branch of textile printing make their 
appearance every year in such numbers, that even a simple list cannot be 
here given. Reference can only be made to the extended use which has of 
late been made of hydrosulphites as discharging agents. The method of 
employing these substances was formerly accompanied by many difficulties, 
especially on account of the low degree of concentration of the available 
sodium hyposulphite solutions, and the ease with which they oxidize. Germ. 
Pat. 133178 has done away with these difficulties. According to this patent, 
it has been found that hydrosulphites in concentrated, as well as m solid 
form, more especially also as double salts of the hydrosulphurous acids, are 
remarkably useful agents for discharge work, on account of their stability 
and comparatively high degree of solubility, and the fact that by using these 
substance it is possible to mix a sufficient quantity of the effective material 
into the printing matter. In this way colours on wool, cotton and silk as 
well as on mixed goods can be discharged, leaving a pure white colour. The 
best white is obtained by the use of zinc sodium hydrosulphite, on account 
of the zinc hydroxide which is simultaneously precipitated on the fibre. By 
the addition of colours which resist hydrosulphite for making the printing 
mixture, coloured effects can also be produced. The method can be employed 
on materials dyed with azocolours, of either a substantive or acid nature, 
with basic colours, and with sulphonic acids of the triphenylmethane colours, 
as well^as for such colours as are developed on the fibre. The printing paste 
can be' made with additions of solvents such as acetone and glycerine, of 
alkalies, salts with alkaline reaction, albuminates or organic substances. 
According to Suppl. Germ. Pat. 135725, the same firm has also found that 
an addition of bisulphites to the printing substance is advantageous as, with 
this addition, colours which in general are discharged with difficulty are 
more readily acted upon. Compare French Pat. 297370 and three supplements. 
The employment of the hydrosulphites in printing is daily increasing, the hydro - 
sulphite preparation termed hyraldite being very widely used. On this question 
as also on the methods of preparation, purification, and the rendering stable 
of hydrosulphites, see “Hydrosulphites’*. In the above named article 
mention is also made of those very important preparations for (hscharge 
printing, eradite and rongalite. With the enormous increase of literature 
on this subject, it is impossible to make a choice for quotation in this work 
and we can only refer the reader and student to the article by Henri Schmid 
on “Die Anwendung der haltbaren Hydrosulphite in der Druckerei”, Chem.- 
Ztg. 1905, 609 ff. , . t 1 

The printing of woollens has increased considerably during the l^t two 
years, and printing by isoharge with hydrosulphites is becoming still more 
widespread. 

French Pat. 341007 protects a new printing method in which cellulose 
acetates which are soluble in alcohol and serve as substitutes for the thickenmg 
of fixing materials, are used in the production of patterns on textiles. Materials 
printed in this manner not only give more vivia tones and are more durable 
after washing, but are also much softer than those treated with albumen. 
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colours which tend to harden in consequence of the coagulation 
albumen coating. 

Oerm.Pat. 139217, 140602 and 141450 and also the French Pat. 338831 
deal with processes for printing with indigo. 


Two curious processes of printing materials founded on quite other than 
the usual methods, should also be here referred to. These are the so-called 
Cadgbnb sprinkling process and Rolff’s photo-mechanical printing process 

Cadgenb’s very interesting method is carried out by passmg the materiai 
before the openings of a series of sprays. These shower pipes are fed from 
vessels containing coloured solutions and sprinkle the colour in the form of 
a fine rain on to a piece of silk. As is evident the principle is very simple 
but at the same time the apparatus is capable of giving beautiful designs! 
For the simplest effects, the sprays are firmly fixed, when parallel coloured 
stripes appear, brought about by the regular movement of the material. 
These stripes are a deep colour in the middle and shade into delicate ombre 
effects. There are, however, different arrangements of the apparatus, which 
can be made so as to produce the most manifold variations. As the distance 
between the pipes can be altered at will, and as the colour solution in the 
single pipes can be either of different shades or colours, it is a simple matter 
to produce beautiful effects. The pipes can also by means of suitable mechanical 
arrangements be moved in horizontal, vertical, slanting, or curved movements. 
The currents can also be regulated so as to be periodically stronger or weaker; 
the stuff also can be mechanically adjusted to make periodically varied 
movements in different directions, with increasing or decreasing rapidity. 
All these variations of the method are protected by several patents. Silk 
materials are best adapted for printing by this process. Firstly, because the 
beauty and brilliancy of the colours are more efiective on silk, and secondly, 
because this material very easily absorbs the fluid and can as easily be quickly 
dried, so that the finer tones of colour can be more delicately produced than on 
any other textile. The colours are in most cases in the form of aqueous solu- 
tions; in cases, however, of “faille” and “aurrah” silks, alcoholic solution of 
colour must be employed to prevent the materials losing their characteristic 
qualities. The material runs with a lining from the top to the bottom, is 
met by a coloured steam current, runs over drying apparatus (gas burners), 
then over dry cylinders and falls off in folds. For very thin silk materials such 
as ponge the process must be more rapid, while satm and silk mixtures, &c. 
must pass down at a slower rate. Iridescent effects, such as rainbow colours, 
are brought about by a crank movement of the shower pipes, so that 
the material is very slowly moved (4 to 5 minutes for a 60 m piece). The 
amount of colour req^uired is very small and the apparatus very simple. It 
should be mentioned that Knapstein has lately claimed priority in the 
inv ntion of this method. 

Rolff’s photogravure and three-colour printing process is an important 
novelty in the branch of textile printing. The inventor gave a lecture at the 
V. International Congress for Applied Chemistry, held in Berlin in 1903. The 
principal difficulty is to obtain a perfectly regular coating on the rollers so 
as to produce the same degree of sensitiveness to light. The inventor after 
many experiments finally attained this result by means of spirals. 

This difficulty being done away with, the inventor could follow the principle 
used in the printing of illustrate papers, more especially the method known 
as R^ter printing. As is well known the principle of Raster printing is the 
carrying out of the design of the whole picture by a network of dots. The 
sensitive coating is, as a rule, made of chrome — fish glue, which has the iproj^erty 
of becoming insoluble in water only in those places affected by the light. 
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A Raster film of the picture to be printed is first made and then fitted on to 
copper cylinder which is coloured with sensitive coating. It is then copied, 
*ith^ m the sun or by electric light, and developed by rotating the cylinder in 
water. The chrome-glue dissolves from the unattacked parts of the cylinder, 
and the polished copper shows through. The coating is dried, the cylinder 
heat^ till the fish-glue is quite hard, the cylinder is etched and the preparation 
of the print is ready. If the pattern is to be of several colours, each single 
colour must be photographed on the small steel cylinder as a hard relief 
molette, which is then impressed on a copper printing roller. If very fine 
shadings are required the pattern is drawn in Indian ink, produced by the 
Raster on the film and further on to the molettes. TheRaster gives the shades 
so accurately that flowers (for instance) which are otherwise required to be 
print^ in six colours can be produced by Rolffs' method with exactly the 
same effect, in three colours. The lecturer up to this point was already extremely 
interesting and the patterns exhibited showed what beautiful results it was 
possible to obtain. But the inventor had gone still farther and had attempted 
the most difficult task there is in the art of printing paper, that is of printing 
with three colours and, showed how he had also rendered this a practical possibi- 
lity for the printing of cotton. As is known, three-colour printing is carried out 
by separating the picture by means of suitable light filters into its primary 
colours, yellow, blue, and red. These single parts of a picture are etched direct 
on to the rollers, whereby pictures and patterns can be obtained 10 — 20 times 
as quickly as formerly. Further, in every case even for the most complicated 
colour effects, only three rollers are required, the printing is much quicker, 
and there is economy of rollers, machinery, labour, and colours. Originally 
Rolffs worked out his method only for the printing of cotton, but it very 
quickly came into vogue for wall-papers. These processes are naturally 
protected by Letters Patent. 

Meyer has published an almost identical process for photographic printing 
rollers which he claims as his invention. Wolkoff's process is somewhat 
different from this, the sensitive material being exposed to the light not on 
rollers but on flat surfaces. The chrome gelatine coating is on paper and after 
exposure is developed on this and then rolled off on to the cylinder. 

Printing colours: 

T. Gloitsmann, Dresden, Germany. 

Printing varnish ; 

E. T. Gleitsmann, Dresden, Germany. 

Projection. 

Projection lamps: 

Gustav Barthel, Dresden- A. 19 (see front part advt.), 

Propiolic acid, o-nitrophenylpropiolic acid is known commercially by this 
^ame. Its constitution is as Mows C«H.(N02)C i C . CO2H. It is made 
y converting cinnamic acid into its ethyl ester by the action of alcohol 
and concentrated H2SO4, and nitrating the ester with the calculated amount 
eth 1 a^ids in the cold, when approximately the same quantities of the 
..r of o-and p-nitrocinnamic acids are formed. The mixture is warmed 
alcohol and then allowed to cool to 36 — 40 ® when the p-compound 
almost completely and the o-nitrocinnamic ester remaining in 
^ Gan be isolated by distilling off the alcohol. It is then saponified by 
with H2SO4, dr^g the o-nitrocinnamic acid and treating it with 
8ta j amount of bromine. If the dibrom-derivative is aUowed to 

keot ^^'leous solution with concentrated soda lye, and the temperatureis 
low, the mass solidifies to a thin paste of NaBr and the sodium salt of 
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Peopionio aoid. 


o-nitrophenylpropiolic acid. From this by the addition of dilute acids th 
o-nitrophenylpropiolic acid is obtained in small shining crystals which can 
be filtered off and washed. The substance comes into the market under the 
name of “Peopiouc aoid"* in the form of a thin paste with 20 % dry con- 
tents. Formerly it was employed in the synthetic manufacture of indigo 
but is now little used. Compare also “Cinnamic acid**. ^ 

Propionic acid. CHg . CHj . CO 2 H. This acid is found as a result of the 
fermentation of wheat bran, and also in the dry distillation of wood. It is 
therefore present in crude wood vinegar. It is usually made by the oxidation 
of normal propyl alcohol (q. v.) with CrOg. It forms a colourless very acid 
liquid which has a strong smell of vinegar. It can be mixed with HgO, alcohol 
and ether. S. G. 0.992 at 18®, B. P. 140®. Its salts are crystalline and com- 
pletely soluble in H^O. Its esters have a fruity smell ana are used as fruit 
essences (q. v.). 

Proponal (dipropylbarbituric acid; dipropylmalonylurea). 

C,H CO-NH 

CjH.'^CO — NH^ 

A colourless, crystalline substance with a slightly bitter taste. M. P. 145®, 
Sparingly soluble in cold, more readily in hot water. Very soluble in dilute 
alcohol. It is used as a soporific and has a stronger and better action than the 
chemically allied veronal. For its preparation see Germ. Pat. 146496. 

Propyl alcohol. CgH, . OH. A distinction must be made in the first place bet- 
ween the normal or primary propyl alcohol, ethylcarbinol, CHo . CHg . CBj . OH, 
and between secondary propyl alcohol, isopropyl alcohol, dimethyl- 
carbinol (CHg ) 2 : CH . OH. Only the normal propylalcohol is of technical 
importance. It is found in crude spirits, amyl alcohol and in grape fusel oil. It is 
extracted either by fractionation, or it is made absolutely pure from propyl 
bromide. It is a liquid, with a pleasant alcoholic smell ; it is miscible with water 
in all proportions and is inflammable. S. G. 0.8066 at 16®; B. P. 97.4®. It 
does not dissolve in a cold saturated solution of CaClg as ethyl alcohol does. 

Protalbinic acid and lysalbinic acid. These are the names given to the 
decomposition products obtained by the alkaline hydrolysis of albumen. The 
soluble alkali salts of these acids are formed (Germ. Pat. 129031) when albumen 
is subjected to alkaline hydrolysis. The products are separated by acidifyr^ 
and filtering. The protalbinic acid whicn remains on the filter is dissolved 
in excess of alkali, and the solution containing lysalbinic acid is also treated 
with excess of alkali. The solutions are dialysed until the water has a neutral 
reaction and contains no more mineral salts; it is then carefully evaporated to 
dryness. The alkaline hydrolysis is carried out according to one method by 
adding 100 parts of albumen to a solution of 16 parts of NaOH in 600 parts 
of HgO, stirring and warming on the water-bath with addition of water to 
replace that lost by evaporation. The albumen, except for a little fla^y 
deposit, dissolves completely. The liquid thus obtained is filtered and aftor 
cooling HNO. is added till no more precipitate of protalbinic acid is 
The rest of the process is described above. The alkaline salts of protalbmi 
acid and lysalbinic acid liberate the heavy metals in a collodial form from tnei 
salts (Ag, Hg and Au). Compare “Colloidal substances**. Mob:^^ “ 
also succeed^ in bringing indigo into solution in the same way. See “iNhi 
DYESTUFTS**. 
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protargol. A compound of silver and albumen. It is a dusty, pale yellow 
powder containing 3.8 % of Ag in organic combination. It is soluble in water 
Iq the extent of 60 %. Protargol is used medicinally as an antiseptic dressing 
for wounds and also in gonorrhoea. 

Protocatechuic aldehyde. 

/COH (1) 

CA^OH (3). 

\OH (4) 

This compound is important since it serves as the starting point for the 
manufacture of vanilline (q. v.). According to Germ. Pat. 162822 it may be 
prepared by treating piperonal (q. v.) with dilute acids or acid salts (e. g. 
bisulphites) under a pressure of 12 atmospheres at a tenmerature not above 190®. 

For its preparation from piperonal, see also Germ. Pat. 166727 and 166368. 
The latter is a supplement to Germ. Pat. 162822. 

Provence oil see “Olive oil”. 

Pseudoionone see “Ionone”. 

Pscudocumcne see “Cumene”. 

Psorialan. A rose-coloured ointment obtained by the action of margaric 
acid on yellow mercuric oxide. It has a pleasant smell and is used as a salve 
in various diseases of the skin. 

Pulverizers. 

Pulverizers : 

John DavL? & Son (Derby) Ld. Derby. 

W. Stamm, 26 Coliege Hill, London E.C., Sole agent for Friedr. Krupp A.-Q. Qruaonwork, 

Magdeburg- Buckau, Germany. 

Pumice stone. A volcanic mineral consisting principally of aluminium 
plicate. It is found in the neigbourhood of volcanoes, extinct and active. 
Pumice stone is a sponge-like substances, full of bubbles and often mixed 
^th fibrous material; the colour is white, grey, brownish-grey or yellow. 
S. G. 2.19 to 2.2. It is used as a polishing powder, for making water filters, 
^ manufacture of a certain kind of soap. 

Artificial pumice stone is also found on the market in the form of bricks 
or cakes. This variety is made by compressing pumice stone powder and 
some adhesive into the desired shape; it is for some purposes preferable to 
natural stone. According to Germ. Pat. 146688, a material similar to 
pumice stone is made by boiling other silicates, besides pumice stone, which 
can be disintegrated by acids or alkalies, with dilute alkaline solutions to form 

thick paste, and then quickly expellmg the water by a rapid increase of 
emperature. The materials best suited for this purpose are natural and 
of ^’luniinates, which are decomposed by boiling. The sudden expulsion 

''he water causes the mass to assume a porous structure. 


Pampi : 


®^®*bury Pavement House London E.C, 
egeUnAHuebner A.-G., Halle a. d. S., Germany. 


iB&rthe&warp pnmps: 

Mtd^tsehe Steinzeug-, Chamotte- and Dinaswerke O. m. b. H., Euskirohen, Rheinland 
'Germany) (*ee front part advt. p.). 
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Pumps of metal and cast iron: 

Volkmar Haenig A Comp., Heidenau 'Dresden, Germany (see front part advt.). 
Friedrioh Heokmaun, Berlin SO. 16, Briiokenstr. 6b (see advts). 


Purgatine (trioxydiacetylanthraquinone). This substance is used as an 
aperient. 

Purree (Indian yellow). A dyestuff obtained in India and ()hina from the 
urine of cows fed upon mango leaves. The colouring matter of the bile becomes 
yellow through tma feeding. 

The essential constituent of the substance is the magnesium salt of euxanthic 
acid. It is used for the preparation of an artist's colour (Indian yellow). 

Pyoctanine. By this term is understood two different coal-tar colours 
used in medicine, yellow pyoctanine [pyoctaninum aureum)^ which is auramine, 
and blue pyoctanine {pyoctaninum coeruleum) or methyl violet. 

Both these preparations, particularly the blue variety, are used in surgery 
as bactericides, in cases of boils, &c. These preparations are also used in 
veterinary practice as specific remedies in cases of foot and mouth disease. 


Pyramidone = Dimethylamidoantip3Tine (Phenyldimethyldimethylamido* 
pyrazolone). 


CxaHi^NjO 


orCHg— N 


CH. 

i 


CH3 

CH,* 
CO 


c— n/ 


In order to prepare this substance (Germ. Pat. 71261) antipyrine is con- 
verted into a nitroso derivative. Amidoantipyrine is obtained by the reduction 
of this body: — 

CiiHiiNgO . NO -f 2 Zn -f 4 Ha = CuHnN.O . NH., -f- 2 Zna^ + H^O. 

This amidocompound on treating with alkylhalides gives pyramidone 

CH 

C,iHiiN,0 . NH, + 2 CH,I = Ci,H,iN,0 . N<f ’ + 2 HI. 

CH3 

It forms small colourless crystals, M. P. 106 — 107®, soluble in water, more 
readily in warm water, very readily in alcohol and benzene. It is used as an 
antipyretic in place of antipyrine. Dose 0.1 to 0.5 g. 

The salicylate and camphorate are also important. 


Pyrazoline = Antipyrine (q. v.). 


Pyrazolone dyestuffs see “Tartrazine". 

Pyridine and quinoline. The pyridine bases correspond to the 
formula CnH2n_ 5 N. Pyridine, C5H5N is the parent substance; it is regard 
as benzene in which 1 CH group is replaced by N. It is isolated from P®. 
and bone oil. The latter is warmed with dilute H2SO4, the filtered 
precipitated with NaOH and the free bases fractionated. It is obtained iro 
coal-tar directly from the washings of the light oils which contain a larg 
quantity of pyridine. The process is the same as given above, the 
is decomposea with soda lye and the bases which separate are distilled, oo 
times, however, these bases must be again dissolved in HaS04 and precipita 
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th NaOH after which the product is fractionated. Recently some pyridine 
hL been successfully prepared from brown-coal-tar. 

“ Pvridine is a colourless fluid, which mixes with ]^0 and has an intense 
haracteristic smell. S. G. at 0® 0.9802; B. P. 116®. Ix serves for denaturing 
soirits and is used as a remedy for asthma. According to Germ. Pat. 134139 
it is employed for purifying synthetic indigo; and also (Germ. Pat. 139669) 
for the manufacture of cellulose esters. Several derivatives are also obtained 
from this substance. Homologous with pyridine are picoline C^H^N, lutidine 
C HgN, collidine CgHnN and others. 

The * quinoline bases correspond to the general formula CnH2n — iiN. 
Tlie original substance qumolme C^H^N stands m relation to pyridine as 
naphthalene to benzene. Quinoline possesses the following constitution: — 

HC N 



It is formed during the dry distillation of nitrogenous organic compounds 
and is found in coal-tar and brown coal-tar. The preparation by the Skraup 
synthesis is interesting. 28 parts of aniline are heated with 120 parts of glycerine 
and 100 parts of concentrated H 2 SO 4 in presence of 24 parts of nitrobenzene. 
/H CHjlOH)— CH(OH) /CH=CH 




NH, 


+ 


+ 0 = C.H/ +4HsO. 

::!H2(oh) \n=ch 

Aniline' Glycerine Quinoline 

The nitrobenzene is here simply the oxidizing agent and may be replaced 
by AsPg. 

Quinoline is a colourless very refractive liquid with an intense charaote- 
ristic smell. S. G. at 0® 1.1055; B. P. 236®. It is used as a medicine, and for 
the manufacture of colours. 


Pyrocatechinc, o-dioxybenzene. C0H4(OH)2. This substance is formed 
during the dry distillation of wood and from some resins by melting with 
vaustic potash. It is also present in raw beet sugar. It was first made by the 
dry distillation of catechu, and it can be obtain^ by fusing many resins with 
KOH. Further it can be obtained from its monomethylester, guaiacol, by 
heating this substance with HI to 200®. It is now prepared almost entirely 
by synthetic methods from o-chlorophenol, o-iodophenol, o-bromophenol, or 
from o-phenolsulphonic acid and KOH. Germ. Pat. 141751 is of importance 
as regards the synthetic preparation of this substance. The process is materially 
simplified. Phenol is sulphonated giving phenol p-sulphonic acid, converted 
mto o-chlorophenol p-sulphonic acid mth cooling, ana the SO4 is separated 
from this by heating to 180 — 200®. The o-chlorophenol thus formed is then 
purified by steam distillation. 

A quite new process is the preparation of pyrocatechiue from beech- wood- 
ier, in which it is present in small quantities. It has also been found in the 
Q^mmonia water of coal distillation. 

It is a white crystalline substance, which has a bitter taste, and can 
^ sublimed. It dissolves readily in water, alcohol, and ether, and has the 
properties of a reducing agent. M. P. 104®; B. P. 240—246®. 

Pyrogallol (pyrogallic acid), 1:2:3 trioxy benzene. It is obtained by 
eatmg gallic acid and is usually prepared from this source. Galhc acid 
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Pybouonbous acid. 


is heated in autoclaves to 200 — 210® with 2 — 3 times the amount of wate 
the cold solution, is decolourized with animal charcoal, filtered, evaporated' 
and allowed to oiystallize. The pyrogallol is purified by sublimation p 
may also be obtained by distilling a mixture of 1 part of gallic acid with 
2 parts of coarsely powdered pumice stone in a current of COj. ^ 

White shining crystals (leaves or needles) which are poisonous and have a 
bitter taste. M. P.131®, B. P. 210®. It sublimes without decomposition 
It dissolves in 1.7 parts of water or ether and in 1 part of alcohol. Alkaline 
solutions readily absorb oxygen from the air, at the same time turning brown 
Aqueous solutions are turned blue by freshly prepared FeS04 solution 
brownish-red by FcgCl, and black by AgNOg solution. It has a strong reducing 
action, is used in photography, electro-plating and medicine, as a hair-dye 
and for the estimation of oxygen. 

The presence of gallic acid may be recognized by dissolving 2 g pyrogallol 
in 5 com ether (S. G. 0.72). If more than 0.1 % gallic acid is present the solution 
remains cloudy or a small crystalline residue is left. 

Pyroleic apparatus see “Fatty acid appabatus“. 


Pyroligneous acid. A product of the dry distillation of wood (see 
Charcoal burning). The crude reddish-brown or reddish-yellow acid is 
worked up by two different methods. The one process consists in filtering 
through linen and wood charcoal, allowing to stand for at least a week 
and then separating the crude product into methyl alcohol and pyroligneous 
acid by fractional distillation. 

The other process, for the manufacture of pure acetic acid, is as 
follows; — The crude acid is neutralized with lime or sodium carbonate 
and allowed to stand for several days. The calcium or sodium acetate is 
then distilled with HjS 04 (compare Acetic acid), 

PyroUgneous acid apparatus: 

Friedrioh Heokmann, Berlin SO. 16, Briiokenstr. 6b (see advts.). 


Pyrometers. 
Pyrometers : 

W. Niehls. Berlin SW. 48. 


Pyronine dyestuffs. To this group belong the phthaleines, eosine and rhod- 
amine and the pyronines proper. The pyronines are characterized by the group 

= — CO 

i I 

in which both C atoms are attached to 2 neighbouring carbon atoms of the 
phenylene (ethylene) group in the orthoposition to each other. Such com- 
poimds are obtained by the condensation of 1 molecule of phthalic anhydride, 
or succinic anhydride, with 2 molecules of a phenol (monoxy or higher phenob, 
or a m-amidopnenol, the condensation being carried out in most cases in the 
presence of a dehydrating agent, such as SnCl4 or concentrated H0SO4. 1® 
this way phenolphthalein is produced from phthalic anhydride ana 2 mol®' 
cules of phenol, according to the equation, 



-f 2C^H5 . OH : 


y(C4H4.0H), 


Phthalic anhydride Phenol Phenolphthalein 
Compare *^Phthalio acid. 


-f 2H,0. 
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The constitution of phenolphthalein is often written, 
yCeH^.OH 
C^CeH4 . OH 
1 . CO . 0 


Only those phthaleines are dyestuffs in which the ring: 

I 


ifi present. This is due to the further anhydride formation between the two 
nhenol molecules introduced. For instance, 

^ /CACOH) 

/ > 

m OH /Ci-C,H3(OH) 

C,h/ >0 + 2C.h/ =C.h/ >0 

^CCK ^OH 

Phthalic anhydride Reeorcine Fhiorescein 

Resorcine itself is not a dyestuff except in the form of its salts and esters. 
The eosines which are formed by the introduction of halogen atoms or nitro- 
groups into the resorcine portion of fluorescein are of more importance. 
The alkali salts of the tetra-brom-fluorescein, known under the name of 
eosin is formed in this way by the action 

.CeHBra . OK 

X >0 

of bromine on fluorescein C^— C^HBrj . OK 

'nc.h. . CO . 0 


If instead of resorcine, m-amidophenol and its alkyl derivates are condensed 
with phthalic anhydride, rhodamines are formed. These can also be obtained 
hy the treatment of fluorescein with NHg or dialkyl amine. Rhodamine B, 
diethylmetamidophenolphthalein hydrochloride, is obtained from fluo- 
rescein chloride and diethylamine, according to the following equation: — 

c H r H Z^^^*®*** 

+ 2NH (C,H,), = C,H.<^^^0 + 2 HCl. 

finally the pyronines are obtained from m-amidophenols by the action of 
®^^^ylcnlorides, methylbromides, acetaldehyde, paraldehyde, formic acid 
^nd formaldehyde. They correspond to the general formula 

C,H, . NR, 

CH< >0 

XHa:NR,.a 

Ane eosines and rhodamines are thus classed with the triphenylmethane 
colouring matters, whde the pyronines are derived from the diphenylmethanes. 
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Quartz (silicic acid anhydride). SiO,. It is found ciystalline tr„n 
^d colourless as rock crystal, coloured light yellow as^citn^ ’ 

Mn) as amethyst, brown to black (with bituSuI 
topaz, opaque grey or yellowish as common quartz, milky whited.. 
quartz, pink as ros^quartz. Quartz is an essential constituent of 
(granite, syenite and gneiss) ; SiOjs itself, forms the rocks quartzit? 
schist, sand, and sandstone; the last-named consists of quartz or 
cemented ti^ether. Quartz schist is used as a substitute for^fire 
ground quartzite is used in steel casting 

After many attempts to obtain fused silica in a useful form 
ERAEUS, of Hanau, has succeeded in producing large quantities Tlio 

“*• ^ fiHiace heated® witi a oxy-hjdwl 

1700«C^Se tcTn^ul*"” ‘I"''’’** not fu.se biw 

thrir^also^mdte.^ * ® 2000“ C as then 

In manuf^turi^ quartz glass the crystals are broken up into small d.V« 
^d heated to 1000 “ and then quickly placed into cold wVrV bTrepeS 
this process several times the coefficient of expansion is very much redS 
According to Germ Pat. 167464 a quartz gJs of the same properties can 

earth °&“c®‘*The ra*!^ -T^ 

1 , ^ ’ The raw material is fused to a compact mass which is cooled 

br^en into small pieces and treated exactly like^ the crystals. 

advTm^vc^fLr^r®®® ® T glass, and these possess various 

t^vantages over those made of ordmary glass. They may be exposed to very 

softenmg and are absolutely indifferent to changes 
white w t 1°'’ \nstance cold water may be poured into a small 

*1 f* breaking it. As the coefficient of expansion of quartz 

thet Je ” mu * J of platmum it is a very suitable material for standard 

thermometers The drawback to these advantages is that quartz glass at 
“ ''fry sensitive to the action of all oxides. Quite small 
amounts of alkali attack it e. g. even the amount deposited by touching with 
a slightly perspmmg hand. Quartz glass which is to be Wrongly Lated 
must be thoroughly cleaned and not touched again. On the other hand metals 
tree from oxides have no action upon it, so that it may be used in melting 
metals and even for their fractional distillation; e. g. the silver always pre.sent 
in gold may be distilled off. 

M quartz glass can only be made in vessels made of the expensive metal 
w oxygen is used in fusing and working it, and as none 

© most skilled workers are able to work quartz glass into vessels the 
prices of utensils ^e very high. Nevertheless for many purposes they are 
veTy valuable. For commercial purposes a cheaper product has l^en 
introduced by Messrs Johnson Mathey & Co. of Lonefon. The surface is 
rough and it is not transparent but milky white. 

It IS now possible to obtain in quartz glass not only all forms of apparatus 
that can be produced in ordinary glass, but also apparatus from designs 
which would present insuperable difficulties to workers of ordinary glass. 
AS regards the commercial aspect, prices are necessarily higher than those 
of ordinary glass in so far as the simpler forms of apparatus are concerned, 
although the reliability of quartz glass has proved it to be more economical 
tor laboratory use where the usual care in handling glass is observed. Id 
the case of the more intricate designs the disparity in price between quartz 
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and ordinary glass decreases, and in many such cases the cost of working 
^Hatter would be actually greater, 
floaiti glass. Silica luscd transparent glass apparatus: 

j hnson Mathey & Co. Ld., 74 — 81 Hatton Garden, London E. C. (Descriptive price lists 

^'can be obtained.) 

Quinine and other cinchona alkaloids. These highly important alkaloids 
re contained in the Cortex Chinae. Quinine bark is obtained from different 
kinds of Cinchona. The alkaloids are separated from the bark by grinding 
the material with lime in a fine mill, and then extracting with warm mineral 
oils which have a high boiling point, such as paraffin. The alkaloids are 
then separated from the solution by shaking with dilute H2SO4. After this 
follows the separation of the different cinchona alkaloids from each other. 
The following alkaloids are present in the acid solution, the proportions 
varying according to the bark used. 

Quinine C20H24N2O2; hydroquinine CaoHgaNgOg; cinchonidine CioHjjgNgO; 
hydrocinchonidine C19H24N2O; quinidine C2oH24N^2^2 5 hydroqumidine 
C20H26N2O2; cinchonine C19H22N2O; cinchotine C19H24N2O and others. 

The hot sulphuric acid solution of the alkaloids is neutralized with NagCOg. 
The greater part of the quinine crystallizes on cooling as an impure sulphate. 
The three most important alkaloids are Quinine, Quinoidinb and Quinidine. 

Quinine. The anhydrous base has the formula C20H24N2O0. It also 
crystallizes with 3 HgO. The substance is purified by secret metnods. Use 
is made of the fact that quinine is precipitated by Rochelle salt as an almost 
insoluble tartrate. The base is precipitated from the quinine sulphate by 
NH3, and forms a white crystalline odourless and very bitter powder, which 
dissolves readily in alcohol and chloroform, but with difficulty in water. 
The pure sulphate of quinine (C2 qH 24N202)2 . H2SO4 -f 8 HgO forms loose, 
white, silky, crystalline needles. It has no smell but has a lasting bitter taste, 
and dissolves far more readily in H2O, especially hot water, than the free base. 

Quinoidine is a cinchona alkaloid which does not crystallize. It is made by 
precipitating the mother liquors from the manufacture of quinine, from which 
as much as possible of the crystalline alkaloids has been separated, with 
caustic soda, and kneading the resin-like product with HgO to purify it. It 
fonns a resinous mass of a brown to brownish black colour, which is very 
brittle, almost insoluble in water, and which represents a mixture of different 
amorphous cinchona alkaloids. 

Quinidine. 02^24^21^2- An alkaloid isomeric with quinine, usually made 
from quinoidine. The latter substance is treated with ether ; the ether is then 
flowed to evaporate from the extract, and the residue dissolved in dilute 
^2804, accurately neutralized with NHj, and precipitated with a concentrated 
solution of Rochelle salts when the tartrates of the quinine and cinchonidine 
are precipitated. After this is filtered off, the tartrate is decolourized with 
ammal charcoal and the quinidine is precipitated with KI solution as quinidinc- 
lodide. The anhydrous base forms crystals M. P. 168°. They dissolve readily 
in alcohol and ether, but with difficulty in H2O. The salts are usually used for 
medicinal purposes. 

Quininum lygosinatum^ see under “Lygosine peeparations'*. 


Quinine phytine. Obtained by neutralizing phytine (anhydrooxymethylene- 
uiphosphoric acid) with quinine and evaporating in vacuo. The formula is 

0/ \0 . PO{OH), . 

^CH/0 ^ PO(OH), 

\H 


Uliicher. 
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A yellowish crystalline powder with a bitter taste; very soluble in wate 
insoluble in alcohol, ether, CgHg and CHCI 3 . It contains 57 % quinine. It 
prescribed for headaches, neuralgia, and malaria. 

Quinoformine. A compound of quinic acid and hexamethylenetetramine 
(urotropine). Used medicinally as a solvent for uric acid. 

Quinoline, see “Pyridine and Quinoline". 

Quinoline dyestuffs. In this group of dyestuffs the quinoline nucleus 



seems to play the part of a chromophore. 

Included in this group are the cyanines obtained by heating a mixture 
of quinoline and p-methylquinolino (lepidine) with an alkyl iodide in the 
presence of alkali. The blue dyestuff contains two molecules of the alkyl 
group and 1 molecule of each base. Quinoline blue is obtained by the action 
of amyliodide and KOH on a mixture of equivalent quantities of quinoline 
and lepidine. Quinoline yellow (quinophthalone), soluble in spirit, is the con 
densation product of molecular proportions of quinaldino (methylquinoline) 
and phthalic anhydride. 

Quinones. Diketones obtained by the substitution of 2 atoms of 11 by 
2 atoms of oxygen in the benzene nucleus. The oxygen atoms arc in the 
para position. 

Quinone. C6H4O2. In order to prepare quinone, a cooled solution of 
1 part aniline, 8 parts H2SO4 in 30 parts water is treated gradually with 
3.5 parts KgOrgO^. After standing for some time the mixture is warmed to 
35°, the quinone extracted with ether and purified by recrystallizing from 
Ugroin solution. 

Yellow prisms or needles with a penetrating smell resembling that of chlorine. 
M. P. 115.7°. It is sparingly soluble in cold, readily in hot water, alcohol and 
boiling ligrojn. 

Chloranil (tetrachlorquinone). C3CI4O2. Obtained on a large scale by 
oxidizing trichlorphenol with K2Cr207 and H2SO4. According to Witt it 
may be obtained in the following way: — p*nitraniline is treated with KClOi 
and HCl; sym. 1, 2, 6, 4 dichlomi tramline is formed which is reduced by 
Sn and HCl to dichlor - phenylenediamine and this substance treated at 
boiling temperature with KCIO3 and HCl. 

Golden yellow crystals which do not melt but sublime without dccoin 
position. Insoluble in water, sparingly soluble in alcohol, more readily m 
ether. It is used in the preparation of certain dyestuffs. 

For hydroquinone and anthraquinone see special articles. 

Quinone imide dyestuffs. Derived from the as jret unknown imides of 
quinone and its homologues. They include the mdamines, indophonos, 
oxazmes, thiazines, azine dyestuffs, safranines and indulines. „ 

The chromophore group is either 0 = R = N — R'or — N = R = N1^- 


Quinoneoxime dyestuffs, see “Nitroso dyestuffs". 
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Quinonephthalone, see “Quinoline dyestuffs**. 

Quinosol. Potassium salt of oxyquinolinesulphonic acid CjH, . NO . SOjK 
containing 1 or 72 molecule of HjO. According to Germ. Pat. 88620 it is 
obtain<'d by boiling o-oxy quinoline with an alcoholic solution of potassium 

pyroHulphate. , 

Yellow, crystalline powder, easily soluble in water, with a saffron-like 
odour. A valuable antiseptic with a stronger action than corrosive sublimate. 
This strength of action is due to the fact that it penetrates further into the 
tissues and does not precipitate proteids. It is not corrosive and practically 
non poisonous. It is used for disinfecting the hands (1 : 1000) and for woun^ 
(1 : 500 ). It is also used as a 2 % powder for wounds. 

Quinotropine. A compound of urotropine. Crystals M. P. 118 — 126° with 
a pleasant acid ta^te. Readily soluble in water, less so in alcohol. On account 
of its solvent action on uric acid it is prescribed in gout. 2.5 — 3 g per diem 
in 2 or 3 doses, each dissolved in 500 ccm water. 

Quinoxaline dyestuffs, see “Azine dyestuffs'*. 


R 

Radio-active substances. This name is given to a series of substances which 
have the property of emitting rays resembling cathode- and Roentgen rays. 
A distinction is made between true and induced radio-activity; the latter 
occurs with the former in nature, and may also be produced artificially by 
contact or electric influence. 

The phenomenon of radio-activity was first observed in uranium, though 
several facts led to the conclusion that the rays were not due to uranium 
itself but to some unknown substance. The radio-active agent was named 
Radium^ and was obtained as Radium-barium when the barium was separated 
from pitch blende and the residues from uranium extraction. The various 
radium- barium salts at first possess (after crystallization or precipitation) 
hut little radio-activity ; it rises, however, in the course of a few weeks to a 
wnstant maximum. Apart from the active properties, radium-barium 
salts resemble barium salts from a physical and chemical point of view. — 
, has also been obtained by separating lead from uranium pitch 

k mica and other uranium minerals by the usual analytical 

niethods. These radio-lead salts, apart from their activity, are in no way 
different from pure lead salts. 

th^^n element Radium (Ra), A. W. 225, is similar to barium; it colours 
u flame red, its salts possess a characteristic spectrum and are phos- 
P orescent. The evolution of gas from solid salts and their solutions is very 
^markable (see Ber. Deutsch. Chem. Ges. 35, 3608 and Chem. Zeitschr. II, 

fro^^ radium, P.and Sk. Curie prepared a highly active bismuth 

m ^ j blende, and ascribed the activity to a new element Polonium, 

t ixed With the bismuth. The preparation of polonium -bismuth is done in 
Vet analytical way. The elementary character of polonium has not 
clrn ^established. According to experiments of Marckwald a small 

can^ ^ismuth dipped into a solution of active bismuth chloride will 

^se the radio-active substance to settle on its surface, 
cont^’^ • should be noticed that Thorium separated from thorium ores 
ainmg uraniihn possesses radio-active properties. These properties have 

36 * 
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been ascribed to an element Actinium, and active thorium is called Thorium 
ACTINIUM. Radio-active tellurium has also been discovered. 

According to E. Dubois the radio-activity of the better known radio-activ 
substances (minerals) is as follows: — the radio-activity of uranium bein^ 
reckoned as unity: ^ 


Pitch blende (Johanngeorgenstadt) 3.6 

Pitch blende (Joachimsthal) 3 

Various thorites 0.04 — .06 

Orangite 0.9 

Carnotitc 2.7 

Autunite 1.2 

Chalcolite 2.3 

Cleveite 0.6 

Monazito 0.2 

Fergusonite 0.04 — 0.2 

Samarskite 0.5 

Niobite 0.04 ,0.12 

Tantalite 0.01 


In her book on radioactive substances Madame Curie gives the following 
directions for obtaining radium from Joachimsthal pitch blende: 

The mineral is crushed and roasted with Na2C03 and the product extracted 
with HgO and dilute H2SO4. The solution contains the uranium, the residue 
the radio-active substances. This residue has four and a half times the radio- 
activity of metallic uranium and consists mainly -of the sulphates of lead 
and calcium, with silicon, alumina and iron oxide. Besides this nearly all 
metals are present in greater or less amount (copper, bismuth, zinc, cobalt, 
manganese, nickel, vanadium, antimony, thallium, the rare earths, niobium, 
tantalum, arsenic, barium, &c.). Radium sulphate is the least soluble. In 
order to dissolve it the H2SO4 must be removed as completely as possible. 
The residue is therefore treated with concentrated boiling caustic soda. The 
H2SO4 combined with the lead, aluminium and calcium is for the greater pait 
dissolved as Na2S04 and is removed by washing with HgO. The alkali at tlie 
same time removes Pb, Si and Al. The insoluble portion is then washed with 
HjO and treated with HCl. The substance is now porous and the greiit(‘r 
part dissolves. Polonium and actinium may be separated from this solution. 
The former is precipitated with H2S ; the latter is in the hydroxides which are 
precipitated by NH3 after the solution is oxidized and freed from the sulpbatt s. 
The radium is in the insoluble part, which is now washed with H2O and then 
treated with concentrated boiling NagCOj-solution. If small traces of unchanged 
sulphates have been left the last mentioned operation will completely convci^ 
the barium sulphate into carbonate. The Substance is then throughly wa.slH'd 
with HgO and treated with pure HCl (free from H2SO4). The solution which 
contains the radium as well as the polonium and actinium is filtered and 
precipitated with H2SO4. Crude BaS04 containing radium, Ca, Pb, and rc 
also a little actinium and polonium is obtained, which may bo separated 
in the same way as from the first hydrochloric acid solution. One ton cl 
residue yields 10 — 20 kg of crude sulphates, the activity of which is 30 to 
60 times greater than that of metallic uranium. The next step is the puri- 
fication of the sulphates : They are boiled in Na^COj-solution and the car- 
bonates obtained are converted into chlorides. The solution is treated win 
H2S and a small amount of active sulphides containing polonium is 
pitated. The solution is filtered, oxidized with Cl and precipitated with IN ya- 
The precipitated oxides and hydroxides are strongly active, the 
being due to actinium. The filtered solution is precipita^d with 
the precipitated carbonates are washed and converted into chlorides, t 
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lution of these chlorides is evaporated to dryness and washed with concen^ 
Tated HCl ; the CaClg dissolves almost completely while the BaClg containing 
the radiuin remains undissolved. Thus one ton of material yields 8 kg of 
BaCl containing radium. The activity is about 60 times that of metallic 
uranium. The further separation of barium chloride and radium chloride 
is effected by fractional crystallization; BaCla more readily soluble in HgO 
than Rad 2 * 

I1ie rays emitted by radio-active substances were originally called Radium 
rays or Becquerel rays, after H. Becquerel who published the first 
communications concerning them. At present radium rays are divided into 
three classes, of which the a- and /1-rays can be deflected magnetically and 
electrically, while this is not the case with y- rays. The effects of the latter 
are quite like those of the Roentgen rays. The positively charged rays 
correspond to the so-called Canal rays of a Crookes’ tube, the negatively 
charged /3-rays to the cathode rays of a Crookes’ tube. The a rays are regarded 
as ejected particles. 

Most phenomena observed with radium preparations can be compared with 
cathode- and Roentgen -rays: All radium compounds emit light; screens 
of barium platinocyanide become phosphorescent and photographic plates 
are affected. They have a strong action on the skin, causing a kind of bum ; 
this property makes radium salts dangerous poisons, though it also opens 
out an extensive field for medical application. An inexplicable fact is that 
radium continually emits energy in tne form of heat. 

Radium has the property of transferring activity to other substances, 
a phenonumon called, as remarked above, induction of activity. For this 
reason the actual bearer of the activity is thought to be a gas which according 
to Rutherford’s suggestion is called emanation. Of great interest is the 
fact discovered by Sir W. Ramsay and F. Soddy and verified by most careful 
experiments, that this emanation contains helium, in other words that 
helium is formed from radium. This phenomenon which affects the foundations 
of ('hemic-al theory is still an unexplained mystery. 

It should be added that recently radio-active phenomena have been observed 
in many other substances. Many springs for instance contain radium, so that 
various investigators are inclined to put this fact down as the reason of their 
medical value. The air also contains radium and it appears certain that the 
electrical conductivity of air depends on the amount of radium emanation 
present. 

Ramie. The bast fibres of various kinds of nettles (Urticaceae), particularly 
of Urtica (Boehmeria) nivea, indigenous to China, Japan, and India. The 
bast is separated from the wood after harvest without previous retting. The 
fibres which are 22 cm long and 0.55 mm in thickness are used for making sail 
cloth because of their great durability. Before spinning the fibres must be 
softened with caustic soda and oil. 

Rapidine. A product of the distillation of mineral oil. The B. P. of the 
fractions lie between 100® and 250®. It is chemically purified and strengthened 
®y the addition of benzene so that it may be used for internal combustion 

engines. 

it is clear like water, odourless and tasteless. S. G. 0.750 — 0.800, 290 — 300 g 
tfovelop 1 H. P.-hour. The products of combustion are colourless, odourless 
and free from acid. 

On account of these properties it is a serious rival of benzine and should 
^ave a future before it: 

Reaction towers, absorption and condensing towers. Serve in chemical 

uustry for the alternating action of liquids and gases on each other. These 
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actions of gases on fluids or fluids on may be for the purpose of drying 
and purifying the gas, as for instance in the case of chlorine or sulphuric 
acid gases ; or for the purification of furnace gases from pyrites, the air from 
nitration works, &c. ; or for the absorption of acid gases by liquids, such as 
hydrochloric, sulphuric or nitric acid gas in water, and more especially for 
the regeneration of nitrous fumes from nitrating and oxidizing processes. All 
the towers used for acids are made of earthenware and consist of the tower 
itself and its filling. In principle the tower is always so constructed that 
several cylinders are placed on a closed base fitted with supports to admit gas, 
and a cock for the escape of acids. The last of the cylinders also has a support 
for the exit of gas, the whole being covered with a so-called fan-cover. The 
cover is filled with small pipes at different spots to admit the fluid, and so 
arranged that small bells ^\nich are arranged over the pipes form a water 
joint to prevent the gas from escaping, while at the same time they give free 
admittance to the liquid. Above the cover is an apparatus for distributing 
the acid from the central pipes so that it flows over 8, 12, 24, 36 or 48 spouts. 

The filling of a reaction tower varies according to circumstances. The ehea])- 
est filling is coke, but this is only used in cases where no acid such as nitric 
acid, which would attack the coke, is present. A disadvantage of coke filling 
is that it gradually decomposes and forms channels which disturb the equal 
distribution of the gases. Clay fillings for these towers are often used and 
of this material there are two distinct forms, known as the dimensional and 
the loose fillings. Loose fillings are such as are built into the tower without 
special regard to its measurements. To this class belong the pipings 
used in some cases, double sides, thus offering a larger surface for 
the gas, cones with a top piece and a hollow bottom, {used especially for 
purification and reaction towers proper), solid cones for cases whore the 
principal object is to retain heat; hollow cones, employed where the filling 
must be as light as possible, and where a strong draught is necessary, and 
finally dish-shaped vessels with channels (3 — 6) by means of which the li(iuid 
may fall into the next below. 

The plate fi lling s of various systems employed in the so-called plate towers 
are known as dimensional fillings. Lunge -Roi^mann’s system consists 
of an extremely fine network of ribs and cross pieces perforated with holes 
for the passage of liquid and gas, which are in this way divided and then again 
mixed between the plates. The Kypke star plates are filled with ribs, grooves 
and basins, arranged in slanting position. Through these plates the gases 
rise, and the acids trickle in broad zigzags always in contact with the ga^ 
This kind of cone is much used where it is important that the draught should 
be very weak, as in this respect they have advantages over other kinds ot 
fillings. Further, to this class belong the cascade basins, which have now 
been improved and are known under the name of Aegir plates. These plates 
are laid to the right and left so that the bottom is not quite covered thus 
forcing the gas to take a zigzag course through the tower, while the hqui 
drops from basin to basin. In this system a very large surface in a given 
space is secured. Mention should also be made of Glock's bars, 
which are packed crossways close together so that the falling liquid drops 
in the form of a broad band; the surface offered to the gas is continual } 

changed and renewed. , ^ r imve 

There are several new suggestions for the fillings of towers, but lew n 
as yet been practically carried out. ^ 

As a rule tne towers are supplied with a diameter of 600 — 1200 mm. 
height depends on the number of cylinders which are arranged above each ot 

Ear&enware Reaction towers: . 

WestdeutBohe Steinzeug*, Chamotte- und Dinaewerke G. rn. b. H., Euakirchen, B eu 

(Germany) (aee front part advt. p.). 
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Reagents. Only the most important are here mentioned. 

1. Acetic acid. C 2 H 4 O 2 . 50 % acid (S. G. 1.06) is generally used. 

2. Ammonia. NH3. A 10 % solution is usually employed (S. G. 0.96) 
but sometimes a cone, solution is used (S. G. 0.91). 

3. Ammonium carbonate. (NH^ljCOg. 1 part comml. salt, 3 parts water 
and 1 part NH3 (S. G. 0.96). 

4. Ammonium chloride. NH4CI. Solution 1 : 9. 

5. Ammonium citrate. C3H4(0H) (COg . NHJ,. 300 g citric acid are 
dissolved in 400 cem water and the solution gradually neutralized with 325 g 
of finely powdered comml. ammonium carbonate. After standing for some 
hours the solution is diluted to 1.5 litre (S. G. 1.105). 

6. Ammonium MOLYBDATE. (NH4)4Mo7024 . 4 HgO. 160 g crystalline salt 
are dissolved in 1 litre HgO, and the solution poured into 1 litre cone. HNO, 
(S. Cr. 1.2). 

7 . Ammonium oxalate. {^4)20204. Strong solution 1 : 10; dilute 
solution 1 : 24. 

8. Ammonium suimde. (NH4)2S. :^S is passed into NH3 solution 

until saturated, and the same volume of Nng solution added. If powdered 
S be digested with colourless ammonium sulphide the yellow ammonium 
polysulphide is obtained. 

i). Aniline sulphate. 1 % aqueous solution, or 10 drops of aniline in 
oOccm diluted H2SO4 (1 : 6). 

10. Aqua reoia. 3 parts Ha (S. G. 1.12) and 1 part HNO3 {S. G. 1.20). 
Should be freshly prepared. 

11 . Barfoed's reagent. 1 part copper acetate dissolved in 16 parts 
water; to 200 cem of this solution 6 cem of 68 % acetic acid are added. Used 
for the detection of dextrine and glucose. 

12 . Barium chloride. Baa2.2H20. Solution 1 : 10. 

13. Barium HYDROXIDE. Ba(OH)2 . 8 HjO, Solution 1 : 20 (baryta water). 

14 . Barium nitrate. Ba(N03)2. Solution 1 : 14 or 1 : 20. 

15 . Baudoin's test for sesame oil. Used for detecting sesame oil in 
margarine. (10 % of this oil must be added to margarine according to German 
law.) 

5 cem of the melted fat are vigorously shaken for to 1 minute with 0.1 cem 
of fiirfurol solution (1 vol. colourless furfurol in lOO vol. absol. alcohol) and 
lOccra Ha (S. G. 1.19). The clear red colour of the Ha which separates 
below the fat shows the presence of sesame oil. In case dyestuffs are present 
which would colour the Ha, the fat must be previously well shaken with 
eonc. Ha. 

16 . Bechi test'for cottonseed oil. The test depends upon the reducing 
action which certain constituents of the oil exert upon AgN03. It is best 
‘carried out, not with the oil itself, but with the unsaturated fatty acids obtained 
from it. The procedure is as follows: 

The oil is saponified, neutralized with acetic acid, the lead soap precipitated 
‘^y the addition of Pb(C2H302)2. The soap is washed with boiling water and 
then dried as completely as possible with filter paper. It is then treated with 
ether, the undissolved portion removed and the lead salts of the unsaturated 
acids decomposed by shaking the ethereal solution with Ha and water in 
a separating funnel. The ether is removed by distillation, the residue dissolved 
in 10 cem 96 % alcohol, shaken with 1 cem of 6 % AgN03 solution (aqueous) 
and warmed to 60 — 70®. If cottonseed oil is present, the solution becomes 
cloudy and finally throws down a black precipitate. 

17. Bettendorf's reagent for arsenic. Cone, solution of stannous 
chloride in fuming Ha. Colourless solutions give with this reagent a brownish 
colour or a brown precipitate of arsenic, according to the amount present. The 
test is very sensitive. 
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18. Bismuth solution (alkaline). Bi(N08)g solution is precipitated 
with excess of KOH and a solution of tartaric acid is added drop by drop 
until the precipitate is dissolved. The solution is used for the detection of 
glucose in urine. 

19. Bromine water. Obtained by shaking Br with cold water. It con- 
tains 2 — 3 % Br. 

20. Calcium chloride. CaCk . 6 HgO. Solution 1 : 6 .. 

21. Calcium hypochlorite. CaiOCl)^. 1 part bleaching powder rubbed 
to a paste with 20 parts H 2 O. 

22 . Caro’s reagent for alkaloids. Obtained by dissolving ammonium 
or potassium persulphate in cone. H2SO4. The addition of the salt must be 
made slowly and the vessel must be cooled with ice. The paste when all 
the salt is added becomes solid . Its use depends upon its vigorous oxidizing action, 

23. Citric acid. C3H4(0H){C00H)3. 20 g of the acid in 1 litre H,0. 

24. Cobalt nitrate. Co{N03)2 . 6 HgO. Solution 1 : 10. 

25. Copper chloride. CuCl- . 2 HjO. Solution 1 : 10. 

26. Copper sulphate. CUSO 4 . 6 H^O. Solution 1 : 10. 

27. Cuprous chloride. CU 2 CI 2 . CuCSg solution is precipitated with SnClj, 
the white precipitate washed successively with cold water, alcohol and ether, 
dried in a current of COj at 90® and kept away from light and air. Used in 
gas analysis for the estimation of CO. 

28. Deniges’ test for citric acid. 5 g mercuric oxide are dissolved in 
20 cem cone. H 2 SO 4 and 80 cem HjO. 6 cem of the 1 — 2 % solution containing 
citric acid are heated to boiling with 1 cem of the reagent, and 2 % KMn 04 
solution added drop by drop. The solution is decolourized and a white finely 
crystalline precipitate is formed even if the solution only contains 1 part eitric 
acid in 10000 parts of HjO. 

29. Erdmann’s reagent for alkaloids. 10 drops HNO 3 (S. G. 1.153} 
are diluted with 20 cem distilled HgO and 20 drops of this solution are added 
to 40 cem p\ire cone. H 2 SO 4 . To 1 — 2 mg of the alkaloid contained in a white 
porcelain dish, 1 cem of the reagent is added. The reaction is complete in from 
16 — 30 minutes. Temperature 18 — 22®. See “Alkaloids”. 

30. Fbhling’s solution, see “Volumetric analysis”. 

31. Ferric chloride. FcgCle, Solution 1 : 20. 

32. Fischer's reagent for sugars. 2 parts phenylhydrazine hydro- 
chloride and 3 parts sodium acetate in 20 parts of water. 

33. Froehdb’s reagent. A solution of 0.5 g sodium molybdate in 100 com 
cone. H 2 SO 4 gives characteristic colours with many alkaloids. 

34. Gold chloride. AuClj . 2 11,0. Solution 1 : 20 used as a test for 
Alkaloids. Solution 1 : 30 as a test tor stannous chloride. 

35. Griess' reagent. Used for the detection and colorimetric estimation 
of nitrous acid, 0.100 g pure white a naphthylamine is dissolved by boiling 
for 15 minutes in 100 cem HjO, 6 cem glacial acetic acid and 1 g sulphanihc 
Acid in 100 com water are add^, and the mixture kept in a well-stoppered 
bottle. A very faint rose-red colouring of the reagent is not destroyed hy the 
addition of 1 com to 60 — 100 com of the liquid to be tested; strongercolour- 
ationis destroyed by zinc dust. 1 cemof the reagentshowsthe presenceof ^/iooo"^K 
nitrous acid in 100 cem water. A rose-tint appears after 10 minutes. 

36. Grignard’s reaction. With metallic mamiesium alkyl h^des yiem 
solid derivatives having the general formula RMg Hal., where K 

= halogen atom. The organo-magnesium compounds so obtam^ 
exceedingly reactive and have been of great service in the preparation 0 
many organic compounds, and in the simplification of existing processes. 00 
Chem. Zeitschr. Ill, 36, and IV, 316. , 

37. Halphbn’s test for oottonsbbd oil. Equal volumes 

alcohol and carbon bisulphide saturated with 8 are heated for 10—16 minute 
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in a boiling brine bath. When cottonseed oil is present a characteristic orange- 
red to red colour appears either at once or after standing for some time. This 
reaction does not occur if the oil has been previously heated to 250®. 

38. Haematoxylin solution. 15 g logwood in chips are boiled for 48 hours 
with 100 g absolute alcohol. The filtered solution which must be kept in well 
stoppered bottles is used for the detection of Cu and Fe in drinkable water. 

39. Helwio^s blood test. A solution of 1 part KI in 4 parts water dissolves 
dry bloodstains without altering the blood pigments. 

40. Huber’s test for free mineral acids. A mixture of the aqueous 
solutions of ammonium molybdate and potassium ferrocyanide. In the presence 
of free acids the reagent is coloured reddish-yellow to dark brown. 

41. Hydrochloric acid. HCl. Cone, acid S. G. 1.20 (39 parts HO), 
S, G. 1.12 (24 parts HCl). Usually used at a dilution of equal parts of acid 
(S. G. 1.12) and water. 

42. Iodine -potassium iodide -solution. 5g iodine are triturated with 
5 g KI and 100 cem water and diluted to 1 litre. 

43. Iodine-zinc-starch-solution. 5g powdered starch and 20 g ZnClg 
arc boiled with 100 cem water (that lost by evaporation being replaced) until 
a clear solution is obtained, 2 g Znl 2 are added and the whole diluted to 
1 litre. The solution must be kept in the dark in well -stoppered 
bottles. 

44. Knapp’s solution for the estimation of glucose. 10.8 g HgCl 
are treated with KCN solution until the addition of NaOH causes no pre- 
cipitate. 100 cem NaOH solution (S. G. 1.145) are added and the whole 
diluted to 1 litre. 

45. Lead acetate. Pb(C 2 H 302)2 . 3 HgO. Solution 1 : 10. 

4C. Lugol’s solution, see “Iodine -potassium iodide -solution". 

47. Magnesia mixture. 1 part crystallized MgS 04 and 1 part NH 4 CI 
dissolved in 8 parts water with the addition of 4 parts NHg (S. G. 0.96). After 
standing for some days the mixture is filtered. 

48. Magnesium chloride. MgCL . 6 HgO. Solution 1 : 10. 

40. Magnesium sulphate. MgS 04 . 7 HgO. Solution 1 : 10. 

50. Mandelin’s test for alkaloids. A solution of 1 g of ammonium 
vaiiadate in 200 g sulphuric acid (monohydrate). The solution gives characte- 
ristic colours with alkaloids. E. g. strychnine gives a beautiful blue colour, 
changing to violet, cinnabar red and orange. 

51. Marme’s reagent, see “Potassium cadmium iodide". 

52. Mecke’s test for alkaloids, a solution of 1 part of selenious acid 
in 200 parts cone. H 2 SO 4 gives characteristic colours with various alkaloids. 

Morphine: — blue turning blue-green to olive green. 

Apomorphine: — dark violet. 

Narcotine; — greenish-blue turning cherry-red. 

^deine: — blue, turning emerald -green, &c. 

53. Mercuric chloride. HgClg. Solution 1 : 16. 

54. Mercuric potassium iodide. Hglj . KI. 13.35 g H^Clj and 49.8 g 
KI are dissolved separately in water, the solutions mixed and diluted to 1 litre. 

55. Mercurous nitrate. Hg 2 (N 03)2 . 4 HjO. Solution 1 : 20 . For the 
preparation of the salt see “Mercury compounds": 

56. Meyer’s solution, see “Mercuric potassium iodide". 

57 . Millon’s reagent. Mercury is dissolved in an equal weight of HNO, 
jb. G. 1.41) at first in the cold and then with gentle warming. The solution 
18 diluted with twice the volume of water, and after standing for some hours, 
decanted from the precipitate. It is used as a test for albumen. 

58. Mohr’s salt (Ferrous ammonium sulphate). This is used for stim- 
dar^zii^ Kli 1^04 solution. It is preferred to FeS 04 since it is less readily 

oxidized. 
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69. ^S'Napkthol. C10H7 . OH. The solution in NaOH is used as a test for 
CHCI3 which is coloured blue by it. 

60. Nessler’s reagent. 35 g KI and 13 g HgCl2 heated to boiling with 
800 ccm HgO. The solution is treated drop by drop with a cold saturated 
solution of HgClg until a permanent precipitate appears. 160 g KOH are then 
added, the whole diluted to 1 litre, a small quantity of HgCla solution added 
the solution allowed to settle and decanted from the precipitate. Must be 
kept in well-stoppered bottles. 

61. Nitric acid. HNO3. Cone, acid S. G. 1.52 (100 % HNO3). Diluted 
acid, S. G. 1.20 (32 % HNO3). A more dilute acid (1 part acid, S. G. 1.20, 
and 3 parts water) is frequently used. 

62. Palladium chloride. PdCl2 . 2 H2O. Solution 1 : 500. Used for 
the detection of CO. 

63. Phenol. CgH,; . OH. Solution of 1 part phenol in 4 parts cone. IL^HO^ 
after dilution with 2 parts HjO serves as a test for HNO3; a solution of ])henol 
in KOH as a test for iodoform, a solution of phenol in mercurous nitrate 
solution as a test for nitrous acid. 

64. m-PHENYLENE DIAMINE. CeH4(NH2)2- 5 g are dissolved in distilled 

water, dilute H2SO4 added until the reaction is distinctly acid, and tlu^ ^\ll()le 
diluted to 1 litre. Used as a delicate test for nitrous acid 

65. Phlorogluctne (sym. trioxy benzene). C6H3(OH)3. Solution 1 ; 200. 
Used for the detection of cellulose which is coloured violet-red by it. 

66. Phosphoantimonic acid. Antimony chloride is dissolved in a solution 
of phosphoric acid. Reagent for alkaloids. 

67. Phosphomolybdic acid. The solution is obtained by the repeated 
evaporation of ammonium phosphomolybdatc with aqua regia (to reinoye 
the NH3), expelling the HCl by evaporation and dissolving the residue in 
water. Valuable for the detection of alkaloids. 

68. Picric acid. C6H2(0H)(N03)3. Aqueous solution 1 : 100 tost for 
alkaloids; aqueous solution, 1 : 260 test for hydrocyanic acid and glucose; 
cold, saturated, aqueous solutions of picric acid give characteristic precipitates 
with the aromatic hydrocarbons. 

69. Platinum chloride. PtCL . lOHgO. Solution 1 : 10. 

70. Potassium bichromate. KgCrgO^. Solution 1 : 10. 

71. Potassium cadmium iodide. 10 parts Cdlg and 20 parts KI are 
dissolved in 80 parts H2O. Used as a test for alkaloids with which it gives 
pale-yellow precipitates. 

72. Potassium chromate. K„Cr04. Solution 1 : 20. 

73. Potassium cyanide. ' KCN. Solution 1 : 5. 

74. Potassium ferricyanide. K3Fe(CN)g. Solution 1 : 10. 

75. Potassium ferrocyanide. K4Fe(CN)e. Solution 1 : 10. 

76. Potassium hydroxide. KOH. Solution 1 : 10. For organic analysis 
it is used 1 : 2. 

77. Potassium nitrite. KNO2. Solution 1:3. 

78. Potassium sodium carbonate. Mixture of 13 parts K 2 CO 3 and 
10 parts anhydrous NagCOg. Used for the fusion of insoluble silicates and 
sulphates. 

79. Potassium thiocarbonate. KjCSg. 12 g KOH are dissolved m 
260 ccm water. Into half of this solution H2S is passed until saturated. Ah® 
other half is added, 10 ccm CSj allowed to run in, and the mixture gerrtly 
warmed for two days in a loosely closed flask. The decanted dark-red liquid 
is used for the detection of nickel salts with which it gives a deep*b^o^vn 
colour. 

80. Sohbiblbr's reagent, see “Sodium phosphotungstatb". 

81. Schulze's reagent, see “Phosphoantimonic acid". 

82. Silver nitrate. AgNOj. Solution 1 : 20. 
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83. Sodium acetate. NaCjHjOj . 3 HgO. Solution 1 : 10. 

84. Sodium ammonium phosphate. NaiNHjHPO^ . 8 HgO. 6 parts 
SajHPO, and 1 part NHiQ are dissolved in 2 parts of hot water, the solution 
allowed to crystallize, and the salt purified by repeated crystallization from 
water containing a little ammonia. 

85. Sodium carbonate. Solution (crystallized salt) 1 : 5 

(anhydrous salt) 1 : 2.7. ^ 

86. Sodium hydroxide. NaOH. Solution 1 : 10. 

87. Sodium HYPOBROMiTE. NaBrO. 100 g NaOH arc dissolved in 250 g 
water, and to the cold solution 25 cem Br are added. Used for the estimation 
of NH3 and urea. 

88. Sodium hypochlorite. NaClO. NaOH solution is saturated in the 
cold with Cl and a few drops of NaOH solution arc added until the smell of 
01 has disappeared. It is used instead of bromine water as a vigorous oxidizing 
agent. Must be kept cool and in the dark. 

89. Sodium phosphate. Na2HP04 -f I2H2O. Solution 1 : 10. 

90. Sodium phosphotungstate. 100 g sodium tungstate and 80 g 
Na2HP04 are dissolved in 500 ccra HgO acidified with HNO3. Test for 
alkaloids. 

91. Sodium sulphide. Na2S. Obtained by passing HjS into NaOH 
solution. Sometimes used instead of ammonium sulphide. 

92. Sodium thiosulphate. NaoSgOg . 5 HgO. Solution 1 : 10. 

93. Sodium tungstate. Na2WU4 . 2 HoO. A saturated aqueous solution 
made strongly acid with glacial acetic acid. Used as a test for proteids. In 
dilute solution it gives bulky precipitates with albumen, caseine, glue, and 
blood serum. 

94. Soltsien’s test for sesame oil. 6g of the oil under investigation 
are vigorously shaken with 2 ccm. Bettendorf's reagent (see No. 17) and 
warmed on the water bath. The tube is then allowed to stand in the water 
bath until the emulsion has separated. In presence of sesame oil the stannous 
cliioridc solution becomes rose-red or dark wine-red in colour. 1 % sesame oil 
oan be recognized, 

95. Stannous chloride. SnCl, . 2 HgO. Pure granulated tin is dissolved 
in cone. Hd, the solution filtered through asbestos and kept over metallic tin. 
11 18 a strong r^ucing agent. If the solution be treated with NaOH 
until the precipitate first formed is redissolvcd a solution is ob- 
tained which is used for the estimation of glucose (method of Knapp and 
bAOHSSE). 

96. Storch's test for boiled and unboiled milk, a solution of 29 parts 

pnenylenediamine in 100 ccm water. 5 ccm milk treated with 2 drops or the 
reagent and 1 drop of 0.2 % HjOg solution turns indigo -blue in colour if it 
abl previously boiled. The blue colour persists even after heating 

StJiJHuiiic AOID. H,SO,. Cone, acid, S. G. 1.84 ( 100 %H,S 04 ). 

S. G. 1.40 (60 % H 2 SO 4 ). A diluted acid (Ipart acid, S. G. 1.84, 
4 parts water) is also used. 

T.^nin. Solution 1 : 10. A test for titanic acid. A solution of 1 part 
^fkeSlo^d^^ m 8 parts water and 1 part alcohol is used as a test for 

ACETATE, see “Volumetric analysis". 

‘^ 00 ^ test for strychnine, a solution of 1 part KMn 04 in 

se n H 2 SO 4 gives a violet colour with strychnine. The reaction is very 
„ Jj'it the alkaloid must be free from every trace of other alkaloids 

®^ 8 wiic substances. Tartaric and citric acids, tartrates, citrates and thio- 
y Hates are coloured blue-violet by the reagent, but the reaction is not 
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80 well marked, nor does the colour persist so long as with 
strychnine. 

Reagents : 

Dr. C. L. Marquart, Chem. Fabrik, Beuel a. Rhein (Germany). 

Realgar, see “Arsenic coloubs“. 

Rectification. Distillation for the purpose of removing one constituent of 
a liquid mixture as completely and rapidly as possible with the least possible 
consumption of fuel. This form of purification is of importance in the manu- 
facture of Alcohol, Benzene, Phenol, &c. Compare tne articles under these 
headings and under “Distillation**, Fractionation**. 

The apparatus for rectification is based on two clearly defined principles. 
If a mixture of alcohol and water is heated, the vapours contain a higher 
proportion of alcohol than the liquid mixture, and the product of distillation 
consequently contains more alcohol, and has a lower boiling point than the 
original mixture. If the product is again heated to boiling point, a second 
pr^uct containing a still nigher proportion of alcohol is obtained, and so on. 
Besides this, the essential principle of rectification, the principle of deph- 
legmation, comes into play. This principle is as follows. If the vapours con 
sisting of alcohol and water arc cooled below boiling point, but so that the 
temperature is still above that of the boiling point of alcohol, a mixture 
of alcohol and water which would boil at this temperature is condensed, while 
the vapours containing more alcohol remain uncondensed. By the combination 
of these two principles the rectification apparatus gives a high percentage 
spirit, or an almost pure benzene (from the corresponding tar oil) in one ope- 
ration. Large numbers of flat copper basins placed one over the other oftc-n 
serve as a rectification arrangement in which the vapours entering from 
below are forced by curved pipes to pass through the condensed liquid con- 
tained in them. The vapours heat the contents of one basin to boiling point, 
whereupon they condense in the one above, until they are again volatlized. 
In the top basin a strong alcoholic mixture finally collects, while the water 
gradually separated during the passage from basin to basin finally retunw 
to the still. 

PiSTORius’ basins are generally preferred for this purpose. They arc shallow, 
roimd, and made of copper with a loose double bottom which forces the entering 
vapours to pass along the sides. The lower inner surfaces of the basins .ye 
cooled by air and the upper surfaces by a current of water. The liquid whien 
falls, containing little alcohol, flows back into the still, while the alcoholic 
vapours stream out through the upper tube of the Pistorius’ basin, and thence 
into the cooler or into the basin above it, as the case may be. 

These few remarks must suffice but it should be noted that there are a great 
many different varieties of rectification apparatus. Of these, the more modern 
are arranged for continuous work ; that is the liquid flows into the apparatus 
in a contmuous stream and the product of distillation and also the residue 
also pass out without interruption. . . 

The principle on which depends a new apparatus for the rectification in 
spirit, benzol, ether, &c., which is protected by Germ. Pat. 140824. is mentioned 
in the article on “Benzene**. 

Rectifying apparatus of metal: 

Volkmar Haenig A Comp., HeidenaU'Dresden, Germany (see front part eklvt.). 

Friedrich Heokmann, Berlin SO. 16, Briiokenstr. 6b (see adyts,). 

Rectifying apparatos of earthenware: 

Westdeuteohe Steinxeug-, Chamotte* und Dioaswerke Q. m. b. H., Euekifohen, Rheinloo 

(Germany) (see front part advt. p.). 
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Red Mordant, see “Aluminium Mordants“. 

Red salts. 

1 Crude sodium acetate, see Acetates . 

2 . Crude coloured red by Fe^Oj. 

Redwood (Pernambuco wood). Under this name are included several 
woods indigenous to the East Indies and South America. Different varieties 
are known as Brazil wood, California wood, Nicaragua wood, Japan wood, &c. 
The wood is used in the form of shavings, powder or extracts. The active 
principle is braziline which dissolves in alkalies with a carmine- red colour, 
and gives insoluble metallic lakes. On oxidation braziline yields brazileine. 

Red wood is used in dyeing cotton (tannin and aluminium mordants) and 
wool (chrome mordants) red and brown shades. On cotton, orange shades 
with tin mordants, violet-grey with iron mordants, and dark pur^e with a 
mixture of iron and aluminium mordants can be produced. 

Refractive Indices. The specific refraction of a substance is ^ - where n 
is the refractive index and d the density. 

The product ~j— • P 

where P is the atomic or molecular weight is the refraction constant of the 
element or compound respectively. 

Wiien X parts by weight of a liquid of refractive index n, and density dj 
are mixed with 100 — x parts of weight of a liquid of refractive index n^ 
and density d^ according to Landolt the following equation holds: 

X _ 

n^— 1 n^-l 

di dj 


1. Refractive Indices of certain Gases and Vapours. 


Substance 

Nat.i) 

of 

light 

Re- 

fractive 

index 

Substance 

Nat.qi 
of 1 
light i 

Re- 

fractive 

index 

Acetylene . . 

D 

1.000610 

Hydrochloric acid 

white 

1.000449 

Air . . . 

D 

1.000294 

Hydrocyanic acid .... 

white 

1.000461 

Ammonia . 

whit© 

1.000381 

WyHrogftn 

white 

1.000143 

bromine . 

D 

1.001132 

Methane 

white 

1.000449 

Carbon bisulphide. . . 

white 

1.001654 

Nitrogen 

white 

1.000319 

Carbon dioxide.. 

white 

1.000449 

Oxygen 

white 

1.000270 

Carbon monoxide .... 

white 

1.000340 

Sulphur dioxide 

white 

1.000665 

Chlorine 

white 

1.000772 

Sulphuretted hydrogen 

white 

1.000639 

"yoTobromic acid 

D 

1.000673 

Water 

white 

1.000261 


p The letters denote the Fraunhofbb lines of the spectrum, e. g. D= yellow sodium 
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2. Refractive Indices of certain Liquids compared with Air 
[in yellow Light (D Line)]. 


Substance 

Tem- 

per- 

ature 

Re- 

fractive 

index 

Substance 

Tem- 

per- 

ature 

tractive 

index 

Acetaldehyde 

20® 

1.33167 

Chloroform 

10® 

1.44900 

Acetone 

20® 

1.36916 

Ethyl alcohol 

20® 

1.30138 

Acetic acid 

20® 

1.37182 

Ethyl ether 

16® 

l.HofiOo 

Amylalcohol 

20“ 

1.40783 

Glycerine 

20® 

1.47293 

Aniline 

20® 

1.68629 

Naphthalene 

98® 

1.58232 

Benzene 

20® 

1.60144 

Nitrobenzene 

20® 

1.55291 

Bitter almonds, oil of 

20® 

1.64638 

Phenol 

20® 

1.55033 

Chloral 

20® 

1.46672 

Toluene 

20® 

1.40552 


3. Refractife Indices (/a) of certain dilute aqueous Solutions. 


Dissolved substance 


Dissolved substance 


Ammonium chloride 

0.370 

Pot€issium nitrate 

0.231 

“ nitrate 

0.235 

“ sulphate 

0.248 

“ sulphate 

0.326 

Rubidium sulphate 

0.164 

Lithium carbonate 

0.577 

Sodium chloride 

0.394 

Potassium chlorate 

0.166 

“ carbonate 

0.377 

“ chloride 

0.278 

“ nitrate 

0.258 

“ iodate 

0.106 

“ phosphate 

0.292 

“ carbonate 

0.297 

“ sulphate 

0.271 


Refractometers. These are instruments for determining refractive indices 
by observing the angle of total reflection in a body known to be of liiglicr 
refractive index with which the body under investigation is brought into 
contact on a plane surface. 

These are of three types, Pulfrich's, Abbe’s and the immersion refra(;to- 
meters. 

In Pulfrich’s refractometer a 90® prism of strongly refracting glass is ii.scd. 
The horizontal upper face is brought into contact with the body under in- 
vestigation, and the boundary lines of the homogeneous light entering the 
body are observed through the second (vertical) face. 

The angle at which the limiting ray leaves the prism is determined by means 
of a telescope and a graduated arc, and from this and the known refractive 
index of the prism, the refractive index is calculated from tables. Liquids 
are examined in a glass tube cemented to the prism while solids must have 
two surfaces ground at right angles to each other. . 

In the Abbe refractometer there is a so-called Abbe’ double prism. 1 juj 
consists of two fluid glass prisms with an angle of refraction of about hi 
between which the liquid to be examined is placed in a thin layer (0.05 mm) 
In order to cut out extraneous rays the surface of one prism in contact with 
the liquid is ground to a matte surface. 

The use of ordinary white light is made possible by the use of a compensator. 
These refractometers are chiefly used for liquids of refractive indices between 
1.3 and 1.7 and are very easy to use. The observation is easily made j 
in daylight or by artificial light, after one simple adjustment, and the act n a 
refractive index read off directly on an arc. Further, only a few drops of liqun 
are necessary for the determination. 
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These instruments are well ackpted for the examination of food and drugs 
and serve as a means of identifying different substances and ascertaining 
their purity. 

Ill the immersion refractometer the use of the second Abbe prism is un- 
necessary since the one prism is dipped into the liquid. By the proper choice 
of vessel used and the careful adjustment of the instrument the method of 
total reflection may be used. This method is of course only applicable when 
coni})aratively large quantities of liquid are available (e. g. for the determination 
of the alcohol and extractives in wine, beer, &c., the amounts of salts in sea- 
water, mineral waters, &c. 

The instrument is, however, fitted with a supplementary! prism which makes 
it possible to examine one drop of liquid. The observation may be made as 
easily as the determination of temperatures by a thermometer or of S. G. by 
the hydrometer. 

Moreover the absence of the second prism in the usual type makes the 
reading more accurate, since a more powerful telescope may be used. 

Refractometers for analytical and technical laboratories: 

Cnrl Zoisw, Jona (Germany) Proap. Mesa. 160. 

Refractometers : 

liana Iloele, Berlin O. 27. 

llenuet. (Calves’ rennet.) An enzyme contained in the mucous mem- 
brane of the stomach of young calves, which curdles milk (separation of 
caseine). Rermet is employed for making cheese from fresh milk. It is some- 
times used in the form of a powder, sometimes as a liquid, and sometimes 
as an essence. 

The stomach is cut up into pieces, and extracted with dilute HCl. Glue 
and glycerine are added, and the whole is evaporated in vacuo at a temperature 
of al)out 40®. The process for making the essence is carried out in a similar 
way, except that certain ingredients such as alcohol, boric acid, common 
salts, &c., are added as preservatives. The chemical process involved in the 
making of rennet has not yet been explained. The most favourable temper- 
ature is between 35 and 40®. Compare also “Pegnine”. 

Ih'Sin. (Resin, Common Resin; Resina Pini; Pix Burgundica). Natural 
as well as artificial products are sold as resin. Resin is obtained from turpen- 
tine (q. v.) which is a solution of resin in turpentine oil. The latter is removed, 
being either allowed to evaporate spontaneously on the trunk (natural resin) 
er it is distilled off by warming the turpentine with water. Another method 

to heat the turpentine alone so that the essential oil gradually escapes. 
Ilf tile various kinds of resins, the French Gallipot (obtained by distillation of 
turpentine with water) and Burgundy pitch (obtained from the resin of Picea 
vulgaris) are best known. 

According to the Amer. Pat. 783367 pine wood is dipped into hot or cold 
alcohol. A pure solution of turpentine is thus obtained, all impurities remaining 
in the wood. On heating the solution the alcohol is driven off and then the 
turpentine removed by distillation, the residue being practically pure resin. 

According to the Germ. Pats. 142459 and 151109 decolourization of resin is 
secured by treatment with alkaline substances (actual boiling is avoided as 
It would cause saponification) in the presence of HgO, steam or COg which 
^Jrtns an indifferent atmosphere. 

Resins, Soft or hard vegetable secretions, which are insoluble in HjjO but 
Dio re or less soluble in essential oils, chloroform, ether, alcohol, &c. Resins arc 
urther classed as resins proper, balsams, gum resins, and fossil resins. The 
lalsains, gums, and fossil resins are treated of in separate articles. The resins 
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sometimes occur already formed in the plant, but as a rule they dcvelon 
from the balsams after these have exuded. The balsams are solutions of resin 
in essential oils and the resins remain behind when the oils evaporate. The 
resins which are of technical importance are treated of in special articles 
and will be found under Benzoin, Dammar, Dragon’s blood, Elemi, Common 
RESIN, Guaiacum RESIN, CopAL, Mastic, and Shellac. 

By the term Resin the common resin of pines is generally understood 
(q. V.). The method of preparation of resin discovered a few years ago from 
the cumaronc and indene compounds present in coal tar, is an extremely 
interesting one. These substances have a stong tendency to polymerize 
to resinous bodies. In this form, as cumarone resin and indene resin, they are 
already considerably used in the manufacture of lacquer varnish. The lintel. 
Pat. 12880 (1902) protects the synthetic preparation of resin -like substances 
which can be substituted for shellac in the manufacture of lacquer varnishes. 
Organic oxy -acids, such as tartaric, &c., are mixed with aformaldchyde solution 
in a lead-lined double vessel, phenol is then added and the whole is heated 
until it boils vigorously. The resinous mass which then rises to the surface 
is washed with hot H 2 O, purified by boiling with a little NH 3 and poured into 
cold water to solidify. 

Dr. Carl Goldschmidt also refers to the artificial preparation of a resin 
by means of formaldehyde by a method which is of practical and industrial 
value. He recommends the manufacture of sealing wax from the resin ob- 
tained from formaldehyde, methyldiphenylamine and HCl, by heating and 
oxidizing these substances for 2 hours. A substitute for copal is made by 
allowing monomethylaniline to remain in contact with excess of formaldehyde 
and HCl. The resin is then precipitated with caustic soda, filtered and cooled. 

Resin colours. Obtained by mixing or melting resins with dyestuffs. Some 
are prepared directly from the resinates. 

According to Eremjh. Pat. 356988 hard, very stable colours suitable for 
all purposes are obtained by mixing resin witli dyestuffs with no addition 
of solvent or diluting medium. The colours are mixed for use with essential 
oils, alcohol, &c., and dry very quickly. 

Resin oils. The products of the dry distillation of colojihony. The colo- 
phony is heated in large, low, iron stills, with heads, cooling apparatus and 
receiver. The heating is sometimes carried out over an open fire but it is more 
satisfactory to use superheated steam. During the process of distillation, 
acid, aqueous liquids first pass over which are worked up into acetic acid. 
These are followed by a light volatile yellow oil which has a perfume siniilar 
to thyme, and is termed Resin spirit, resin essence or pinoline. At a higher 
temperature a thick, white fluid with a blue reflex distils — the so-called thick 
oil of resin. Finally a thin, yellow fluid which also has a blue tinge is obtained 
(thin oil of resin). Both the thick and the thin oils of resin come into the market 
as crude oil of resin. They are mostly used as lubricants. The residue in the 
still is the so-called smith’s pitch, and forms one of the ingredients of cob- 
ler’s wax. 

As a rule the oils of resin arc not used in a crude state, but undergo a 
process of refining. Pinoline is purified by being first distilled and then rectif ied 
with caustic lime and water. The real oils of resin are purified by stirring 
with caustic soda or H 2 SO 4 and then washing with HgO. Those which are 
treated with more concentrated caustic soda are distilled, and finally clarnic 
by standing over gypsum. 1 

The process, lately introduced, of distilling colophony in vaciw has prove 
very satisfactory. The products obtained are usually known as essence 0 
rosin, “pale resin oil”, blue, or green oil of resin. 
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por obtaining light stable oils of resin which may be readily emul- 
sified , the crude resin oil is boiled with excess of caustic soda lye, by direct 
steam.' This process is protected by Germ. Pat. 148168. The alkaline resin 
oil mixture thus obtainea is treated with compressed air or ozone at a temper- 
ature of 95® to 110° till a clear solution is obtained. The product is soluble 
in water or readily forms an emulsion. It is employed as a preservative for 
;vood and for other purposes. 

llesorbine. A fatty emulsion used as a basis for salves, &c., made of almond 
oil wax and water and thickened by the addition of a little gelatine and soap. 

Rcsorcine. m-dioxybenzene . C jH 4 (OHjj . (OH : OH =1:3). The sub- 
stance is obtained from benzene disulphonic acid b^ fusion with KOH. Pure 
benzene, free from toluene, is sulphonated by heating a mixture of 5 parts of 
H SO4 of 64° B6 with 1 part of benzene to a moderate temperature with con- 
tinuous stirring (indirect steam). The benzene monosulphonic acid thus 
obtained is heated for 8 hours with the excess of acid and an addition of 
25 % of sodium sulphate, the temperature being kept at about 230°. The result 
is that benzene disulphonic acid (chiefly the m-compound) is formed. The 
product is treated with HgO and neutralized with lime water to form 
the calcium salts. By adding soda and heating to boiling point the sodium 
benzene disulphonate is obtained. This is then filtered and evaporated to a 
solid mass. To change it into resorcinc 230 kg of NaOH are fused with a few 
liters of water, in an iron vessel with a stirring arrangement. 125 kg of sodium 
benzene disulphonate are added as quickly as possible taking care that the 
temperature does not exceed 270°. 

Wlien the whole has become brown and oily, the melt is allowed to solidify. 
After cooling the mass is broken up and acidified with HCl, whereupon the 
rcsorcine separates from the sodium rcsorcine formed. The resorcine is then 
shaken several times in a special apparatus with fusel oil, the amyl alcohol 
solution is drawn off and distilled with steam, and an aqueous soution of 
resorcine remains in the still. This residue is then carefully dried by evapo- 
rating and finally distilled in vacuo. 

When pure, it forms colourless, sweet crystals slightly rasping to the taste 
which dissolve readily in HgO, alcohol and ether, but with difficulty in boiling 
Cfillg. These crystals have a boiling point of 271° and melt at 110°. At 
27 the crystals partially decompose. The aqueous solution has a sweet taste; 
colours it a deep violet. . . 

If resorcine is heated with phthalic anhydride to about 200°, fluorescein is 
formed (q. v.). The fused product dissolves in weak alkaline solutions or in 
ammonia giving a solution with a strong green fluorescence. Resorcine is prin- 
cipally employed for the manufacture of tar colours, but is also used in medical 
practice. 

Test. Commercial resorcine is as a rule fairly pure. In appearance, which 
is that of a crystalline substance, it should be very slightly coloured. It should 
not turn brown on exposure. It should further show the proper melting point 
and dissolve in water to a clear slightly-coloured liquid having only a suspicion 
of the smell of phenol. The water present is determined by drying a powdered 
sample over HgSO^. 

llctort graphite. A solid substance containing much carbon. It separates 
in the form of a hard dense layer on the walls of the retorts used in the manu- 
facture of coal gas. It is used for the preparation of graphite crucibles, carbon 
electrodes, &c. 

Retorts. 

Retorts of metal: 

wkmar Haenig & Comp., Heidenau-Dresden, Germany (so© front part advt.). 

Bliicher. 
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Reuniol. A terpene alcohol with a strong rose-like odour obtained from 
geranium oil. It is apparently a mixture of citronellol (q. v.) and geraniol (q. v.) 

Rexotan. Methylene-tannin urea. It is obtained by the condensation of 
urea and tannin by means of formaldehyde. 

A yellow-brown, amorphous, odourless, tasteless, powder. Used medi- 
cinally as an intestinal antiseptic and astringent. 

Rheumasan. A superfatted soap-cream to which 10 % of salicylic acid 
are added. 

The substance in recommended for rubbing in cases of rheumatism. It is 
readily absorbed and quite stable. 

Rheumasol. A dark brown liquid, consisting of 10 parts of salicylic acid, 
10 parts „Petrosulphor' (apparently identical with i^thyol) and 80 parts 
salicylvasol. It is used as a paint and external dressing in cases of skin 
diseases, inflammation, and rheumatic troubles. 

Rheumatinc. Salicyl quinine salicylate. 

CeH^ (OH) CO, . C20H23N2O . CeH* (OH) COOH. 

White crystalline needles, M. P. 179®, sparingly soluble in water. Recommended 
as a substitute for salicylic acid over which it has several advantages. Dose:— 

1 g three times daily, with an interval of a day after 3 — 4 days. 

Rhexitc, see "’Dynamite” and “Safety explosives”. 

Rhodamines see “Pyroninb dyestuffs”. 

Rhodinol. A terpene alcohol prepared from the oils of rose, geranium, and 
citronclla. It is really geraniol (q. v.) free from impurities. 

Rhodium. Rh. A. W. = 103.0. Rhodium is one of the platinum metals. 
S. G. 1211. It has a silver-wliite lustre, is less readily fusible than platmuni 
and when pure is insoluble in aqua regia. It has been used recently alloyeu 
with platinum in the construction of pyrometers. It has been also used m t le 
preparation of colours for painting porcelain. These colours all have a greatc 
resistance after firing when rhodium is present. 

Rhodium and compounds: 

Johnson, Mathey & Co. Ld., Hatton Garden, London B.O. (see advt.). 

Roasting. The process of heating ores to a temperature below 
point but high enough to cause disintegration. They are thus brought m 
condition suitable for the action of reagents. GeneraUy some che^cal procc 
is combined with the roasting, e. g. a portion of the ore is oxidized oy 

action of the oxygen of the air. j phlori- 

The roasting is carried out in furnaces of different types. Reducmo, ^ . 
nating, and sulphonating processes are also often carried out m conjun 
with the roasting. 

Boborate. A food preparation consisting of pure vegetable proteid. It « 
obtained from grain as a tasteless powder as fine as dust. The 0/ 

soluble in water and easily digested. It contains 11 — 12 % water an 
proteid (95 % of the dry weight). 

Roburite, see “Safety explosives”. 

Rodinal, see “Photoobaphio ohbmioals”. 
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Roman cement see “Cement.'* 

Rongalite, see “hydrosulphites". 

Rosamine = benzorhodamine. The rhodamines are discussed under 

“PYRONINE dyestuffs’*. 

Rosaniline dyestuffs = amidotriphenylmethane dyestuffs. 

Roseine, see “Nickel alloys’*. 

Rose, oil of. Obtained by the distillation of rose petals with water; 
fractions are generally separated and these are usually rectified. In Turkey 
the oil is taken from the distillate after standing for 1 — 2 days, while by 
more modern methods the oil is separated from the aqueous distillate by 
using a Florence flask as receiver. The aqueous residue is sold as rose water, 
while a less strong rose water is obtained by mixing two drops of oil of rose 
with 1 litre of water. The fresher the leaves are the better is the oil; it is 
now also made in Germany of a very excellent quality. 

Pale yellowish liquid S. G. (at 20^ C) 0.855—0.865; B. P. 2290 The odour 
is not due to stearoptene — a paraffin CiaH 34 , M. P. 36.50 — which causes the 
oil to solidify at 12 — 20® C but the elaeoptene which remains liquid. 

iVRTiFiciAL OIL OF ROSE is prepared by different methods. According to 
Germ. Pat. 126736 certain aliphatic aldehydes of high molecular weight are 
added to a mixture of the main constituents of oil of rose (geraniol, citronellol, 
phenylethyl alcohol, citral and linalool). The following mixture will serve as 
an illustration: — Parts by weight. Geraniol 80, citranellol 10, phenylethyl 
alcohol 1, linalool 2, citral 0,25, octylic aldehyde 0.5. Instead of octylic alde- 
hyde, heptylic and decylic aldehydes may be successfully substituted. 

Rosemary, oil of. An essential oil obtained by distillation with steam from 
the leaves and flowers of the rosemary (Rosmarinus officinalis). Colourless 
or pale yellow ; S. G. (at 15®) 0.900 to 0.915. It has a penetrating aromatic 
odour and becomes resinous in the air. 

riie best kinds in order of value are the Italian, French, and Dalmatian. 
The Spanish and German oils are less valuable. It is used in perfumery and 
medicine, for the destruction of insects, for denaturing olive oil, and for var- 
nislies. 

Rose’s metal, see “Bismuth ali^oys”. 

Rosindulincs, see “Saffranines”. 

Kosolic acid. (Aurine). For constitution and preparation, see “Oxytri- 
phenylmethane dyestuffs”. It is used as an indicator. See“ Alkalimetry** 
and “Indicators”. 

Rubidium and Rubidium compounds. 

Rubidium. Rb. A. W. = 85.4. A soft silver-white metal, resembling po- 
tassium. S.G. 1.52; M. P.38.5®. It oxidizes readily in the air, and when throwm 
into water burns with a violet-coloured flame. It occurs with potassium^ in 
the Stassfurt salts (see “Abraum salts”). The metal is prepared by heating 
the hydroxide RbOH with Mg or Al. 

Rubidium alum is the most important salt, 

on account of its being used for the separation of K from Rb. Its solubility is 
only one -sixth of that of ordinary alum. From this compound other rubidium 
salts can be prepared. 


37 * 
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Rubios, artificial, see “Corundum, artificial’'. 

Rust preventives. The rusting of iron is caused by oxidation induced bv 
atmospheric oxygen and the simultaneous action of HgO. For this reason 
iron never rusts in dry air nor in water from which air is excluded. It is also 
supposed that pure air, consisting of N and 0 with HgO does not rust iron 
but that the CO2 of the atmosphere is a necessary factor. In this way ferrous 
carbonate Fe (11003)2 is formed and this passes into ferric hydroxide. The 
rust forms a porous and hygroscopic coating. It does not protect the inner 
parts of the metal from the further action of the air. On the contrary the metal 
goes on rusting until the whole is converted into hydroxide. It should be noted 
that hard cast iron, with a large proportion of carbon contents, rusts far less 
readily than wrought iron and steel. 

If iron is placed imder HgO mixed with CaO, Na2C03, NaOH or any other 
substance which can combine with COj it will remain free from rust as long 
as these compounds continue to absorb COg. Another method for protecting 
the iron is to „galvanize" it, that is to coat it with zinc. Again, iron can be 
enamelled with different metals such as Cu, Pb, Ni, bronze, Ag, Sn and Zn. 
Tin only protects from rust so long as it completely covers the iron — indeed 
it induces rusting as soon as the coating is defective at any point. 

The above-named method of galvanizing is much more satisfactory, for it 
protects the iron, especially under water, all the better for being defective, 
that is when the zinc coating shows bare places. In this case the combination 
of Fe and Zn, in presence of H2O acts as a galvanic element, the Zn b(dng the 
electropositive metal. 0 is liberated on the Zn while H is set free on the Fe, 
thus rendering impossible any rusting of the iron. Compare also Zinc plating. 
Other methods of preventing rust are those of painting and coating the iron 
with oil colours, mixtures of mineral colours with fats and resins, 
alcoholic solutions of resin with colours, of the same mixtures of resin and colour 
in turpentine oil. A well known plan is also to “brown” the iron to prevent 
rust. This method is much used for fire arms, gun barrels, &c. which are thus 
covered with a thin coating of iron oxide which does not easily wear off. 
Compare “Metal colouring”. An excellent preventive of rust for painting 
iron can be made by melting 50 g of wax with 5 — 20 g of lanoline. 

Germ. Pat. 156441 protects the manufacture of a ru.st preventive for gun 
barrels in which nitropowder is u.sed. This substance consists of an ointment 
made of glycerine, vasogene, and ammonium carbonate. “Compare Vasogbne”. 

Ruthenium. Ru. A. W. — 101.7. One of the platinum metals (q. v.) 
occurring in platinum ore and in osmiridium. S. G. 12.26, very brittle, when 
massive it is infusible even in the oxyhydrogen flame. It is more readily 
fusible than Os. Pure Ru di.ssolves with difficulty in aqua regia giving RugClj. 

Bathenium and compounds: 

Johnson, Mathey & Co. Ld., Hatton Garden, London E.C, (seo advt.). 


S 

Saccharimeter, see “Polarization”. 

Saccharine, see “Sweetening substances”. 

Saccharose, see “Sugars”. 

Safety explosives. The knowledge that a great number of fire damp and 
mine gas explosions have been caused by blasting materials resulted m a 
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commission to inquire accurately into the nature of dynamite and kindred 
substances in relation to their danger or otherwise in presence of choke damp. 
In consequence of the report given by this commission, the use of black 
powder and dynamite in mines where black damp, &c., is present has been 
forbidden by law. The makers of explosives have since then brought forward 
new substances as safety blasting powder and safety explosives which may 
1)6 considered as safe to employ even where damp is known to be present. 
The principle constituent of most of these patent mixtures, — apart from 
carbonite — is ammonium nitrate. As this material cannot of itself be made 
to explode it is mixed with other substances, sucli as collodion-wool, resin, 
potassium bicarbonate, potassium nitrate, naphthalene, nitro-naphthaleno, 
sawdust, and most frequenty of all, nitroglycerine. 

The safety of such mixtures naturally depends on the proportion of the 
ammonium nitrate present. A very powerful explosive, for instance, called 
donarite consists of 80 % ammonium nitrate, 12% trinitrotoluene, 4% flour, 
3.8% nitroglycerine and 0,2% collodion wool. This mixture can of necessity 
make but a weak claim to be called a safety explosive. 

Other safety explosives contain, instead of ammonium nitrate, other kinds 
of nitrates as for instance potassium nitrate, sodium nitrate or barium nitrate. 
Germ. Pat. 123641 protects the preparation of a material which is rendered 
less dangerous by tne substitution of sodium or barium nitrate for a portion 
of the ammonium nitrate. The example given is 91 % ammonium nitrate, 
6% resin, and 4 % sodium or barium nitrate. Germ. Pat. 112067 makes use 
for the same purpose of a small proportion of potassium nitrate and ammonium 
nitrate, and resin. According to Engl. Pat. 3334 (1902) uncombined ammonia 
is set free on exploding. ThisNHgactsasa flame extinguishing agent. Turpentine 
oil can also be added to ammonium nitrate explosives to cause the setting- 
free of ammonia. 

According to Engl. Pat. 11325 and 22645 (1902), explosives containing 
hygroscopic salts can be mixed with gelatinous solutions of glue, glue and 
glycerine, dextrine and other kindred substances. 

The aluminium explosives which are comparatively safe are very powerful, 
for which reason they are preferred. As the effect of these explosives is very 
similar in principle to Goldschmidt’s thermite process, they have been given 
the name of thermite explosives. Compare “Thermite”. Ammonal and brock- 
ite given in the list below belong to this class. Eng. Pat. 25540 (1902) asserts 
that the effect of these aluminium explosives is much heightened, if instead 
of aluminium powder, an aluminium wool is made use of. For instance 80 parts 
of picric acid are mixed with 20 parts of aluminium wool, or 85 parts of 
'^estphalite with 15 parts of aluminium wool. All these kinds of explosives, 
one would suppose, would lose some of their power on keeping through the 
Oxidation of the aluminium. 

A few examples of the most important of the so-called safety explosives 
are given below. 

Ammonal. A mixture of ammonium nitrate and aluminium. 95% Ammo- 
^nni nitrate and 6 % Aluminium have been suggested as the best proportions 
^^se. Sometimes charcoal or similar substances are added. 

. Ammon carbonite. 9 % Ammonium nitrate, 6 % flour, 3.8 % nitro-glyce- 
iinc and 0.2 % eollodion wool. The hygroscopic nature of the ammonium 
^trate is according to Germ. Pat. 129481 neutralized by covering the finished 
product with flour made into a paste. 

n ^^^^^^n-foerdite I. 86 % ammonium nitrate, 4% flour, 3.8 % nitroglycerine 
wool, 2 % glycerine, 1 % diphenylamine, 4 % potassium 

Ammonite. 88 % ammonium nitrate and 12 % dinitronaphthalene. 
Ms is an English inventioL. 
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Bellitb I. 83.5 % ammonium nitrate and 16,5 % dinitrobenzene. 

Bbllite III. 93.5 % ammonium nitrate and 6.5 % dinitrobeuzene 
Bellite I and III are also English invention. 

Bobbinitb. 62 — 65 parts of potassium nitrate, 17 — 19.5 parts of charcoal 
1.5— 2.5 parts of sulphur, 13 — 17 parts of copper sulphate and ammonium 
sulphate. The mixture is pressed into cylindrical form and covered with na- 
rafiin. ^ 

Brockite. Engl. Pat. 2977 (1903). A mixture of barium chlorate and 
aluminium powder. 

Carbon carbonitb. 25 % nitroglycerine, 34 % potassium nitrate 1 «/ 
barium nitrate, 38.5 % wheaten flour, 1 % ground tan, and 0.5 % soda! This 
is the oldest carbonite known and is considered to be one of the safest. 

Carbonite I. 25 % nitroglycerine, 30.5 % sodium nitrate, 39.5 % flour 
and 5 % potassium bichromate. The preparation of this explosive which is 
more powerful then the carbon carbonite mentioned below, is protected hv 
Germ. Pat. 97852. 

Carbonite II. 30 % nitroglycerine, 24.5 % sodium nitrate, 40.5% flour, 
and 5 % potassium bichromate. 

This is a still more powerful blasting substance than carbonite I. 

Cologne -Rottweiler safety blasting powder. 93.0 % ammonium 
nitrate, 0.9 % barium nitrate, 1.2 % sulphur, and 4.9 % vegetable oil. 

Coronitb. 38 — 40 parts of nitroglycerine, 1 — 1.5 parts of soluble gun- 
cotton, 26 to 28 parts of ammonium nitrate, 3 — 5 parts of potassium nitrate, 
11—14 parts of aluminium stearate, 8 — 11 parts of rye flour, 2—4 parts of 
sawdust, and 2 — 4 parts of liquid paraffin. 

Dahmenite a. 91.3 % ammonium nitrate, 64.75 % naphthalene and 
2,225 % potassium dichromate. 

Foerdite. 25,5% nitroglycerine, 1,5% collodion wool, 5% nitrotoluene, 
4% dextrine, 3% glycerine, 37% ammonium nitrate, 24% potassium chloride. 

Gelatine carbonite. 25.3 % nitroglycerine, 0.7 % coUodion wool, 6.9 % 
gelatine (1 glycerine: 3.5 % glue), 25.6 % sodium chloride and 41.5 % ammo- 
nium nitrate. 

Negro or Nigger powder. 86 — 91 parts of ammonium nitrate, 9 to 11 parts, 
of trinitrotoluene and 1 — 3 parts of graphite. 

Pbtroclastitb. a mixture of saltpetre, sulphur, coal-tarpitch and potassium 
bichromate. This only explodes in a closed space or bore ; in the open air it 
bums quietly. It is ignited in the same way as black powder with a fuse 
without a percussion cap. As the law does not class it among explosives it 
can be sent by rail as common goods. 

Roburitb I. 87.5 % ammonium nitrate, 7.0 % dinitro-benzene, 0.5% 
potassium permanganate, and 5.0 % ammonium sulphate. 

Roburitb III. 87 % ammonium nitrate, 1 1 % dinitrobenzene and 2 % 
chlomaphthalene. 

Safety dynamite. 24 % nitroglycerine, 1 % gun-cotton, and 75 % nitrate 
of ammonium. 

Vigoritb. 76 % ammonium nitrate, 10 % potassium nitrate, 2 % re.sin, 
2 % potassium chlorate and 10 % nitrated hydrocarbons. 

Wbstphalitb I. 95 % ammonium nitrate and 5 % resin. 

Westphalite II. 91 % ammonium nitrate, 3 % potassium and 5 % resin. 

Wbstphalite, improved. 92 % ammonium nitrate, 3 % potassium nitrate, 
5 % resin. 

Wittenberg dynamite. 25 % nitroglycerine, 34 % potassium nitrate, 
1 % barium nitrate, 38.5 % rye flour, 1 % wood dust, 0.5 % sodium bicarbonate. 

Safety ezplofivei: 

Westf&lisohoAnhaltische Sprengstoff-A.-G., Berlin W. 9. 

Bprengstoff-A.-G. Ceurbonit, Hamburg. 
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Blasting gelatine: 

Werner Pfleiderer & Perkins Ld.,' Peterborough. 

Safflower. The dried dark reddish-yellow flowerheads of the safflower 
fCarthamus tinctorius) contain a soluble yellow and an insoluble red dyestuff, 
of which only the latter, carthamine. is used. It is sold as a suspension in water 
(safflower carmine) and partly in the form of a dried paste. It was formerly 
used for red shades on cotton, wool and silk but is now replaced by coal-tar 
dyes. 

Satfranincs. Saffranine dyes are coal-tar dyes of the azine group (q. v.) 
containing, like these, the chromophore group 



There are 4 N-atoms present in the true saffranines and at least 3 hydro- 
carbon nuclei. These dyes correspond to the formulae: 



k i 


and are formed by the condensation of an indamine (q. v.) with another 
primary monamine. An indamine may be heated with a primary amine, 
or a p-diamine be oxidized with 2 mol. of the base (one of which is primary), 
or by oxidizing a p-diamidodiphenylamine (or an analogous compound) 
with a primary base. Finally saffranines are formed when amines act on 
ainidoazo-substances ; the latter split into a p-diamine and a monamine. 
The simplest dyestuff of this t 3 rpe, obtained by the oxidation of 1 mol. para- 
phenylendiamine with 2 mol. aniline by K 2 Cr 2^7 or MnOa and acetic acid is 
phenosaffranine. The homologue of which is the true saffranine. The latter, 
toluene 0 saffranine chloride: — 

NH . (CH,)C.h/ >C.H,(CH,)NH, 

HCI C,H, 



Phenosaffranine 


18 now only prepared by the oxidation of equal molecules p-toluvlene diamine 
^^^.o-toluidine and condensation of the indamine thus obtained with 
toluidine (or aniline). This method, exclusively used for the commercial 
preparation of saffranines, is based on the oxidation of 1 mol. p-diamine 
wi^ 2 mol. monamine. 

The respective mixture of bases is obtained by the reduction of azo-sub- 
stances. As a rule a mixture of amidoazotoluene and o-toluidine is prepared 
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by the action of NaNO, -f HCl on o*toluidine, from this a mixture of 1 mnl 

S -toluylenediamine -f 2 mol. o-toluidine is obtained by reduction with zin 
ust or Fe and HCl. The mixture, in dilute solution neutralized with CaCO^ 
is oxidized by boiling with KoCr^O, or MnOj, the indamine thus formed beii£ 
condensed to saffranine with the excess of monamine. Toluenesaffranine 
is chiefly used in cotton dyeing. By adding yellow dyes a scarlet, much like 
Turkey red though less fast, is obtained. 

It should be noticed that the first aniline dyestuff commercially prepared 
was mauveine, a phenylated toluenesaffranine. 

Frequently saffranines are subdivided into benzosaffranines and naphtho* 
safranines. Among the latter is magdala red (naphthalene red) obtained by 
heating a-amidoazonaphthalene with a-naphthylamine. 

The so-called aposaffranines differ from the saffranines in that they contain 
fewer amido-groups and are therefore less basic in character. The simplest 
aposaffranine 





is obtained by boiling the primary di-azo compound of phenosaffranine 
with alcohol. Some other aposaffranines, formerly included among the mdu- 
lines (q. v.) are the rosindulines and isorosindulines which must be regarded 
as analogous to aposaffranines. A benzene residue of these two latter groups 
is substituted by a naphthalene group. The formula of the simplest ros- 
induline is:— 

NH:C,oH/ XH. 

-and that of the simplest isorosinduline: — 


HN : C.H,/ >C„H. 
N 


Saffrol. An important compound used in perfumery. 


Its constitution is 


/CH^ . CH : CHa (1) 

g}- 


It is found in oil of camphor, oil of sassafras, &c. From the latter, saffrol 
(90 %) is obtained by cold pressing or by distillation with water. A colourless 
or pale yellow liquid B. P. 233® which solidifies on cooling to a crystalline 
mass melting at + 11®. It is used for the preparation of isosaffrol and piperonai 
(see these). 


Saffron. The dried flower buds of the saffron ( Crocus sativus) which contai 
a yellow dyestuff, Crooin®. Saffron is now only used for colouring food, « 
and as a spice. 

SaiodiPe. The calcium salt of monoiodobehenic acid obtained from the 
eruoic acid of rape oil by treatment with hydriodio acid. 
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The formula is ^ colourless, tasteless, odourless powder, 

jjjgoluble in water; it contains 26 %. It is used medicinally as an iodine pre- 
paration in the treatment of certain diseases. Daily dose 1—3 g. 

Salacetol = acetolsalicylic ester. C6H4(0H)C02CH2C0CH3. Obtained by 
heating monochloracetone with sodium salicylate. 

Small colourless crystals with a slightly bitter taste. M. P. 71®, sparingly 
fiolublc in H2O, more readily in alcohol and oils. It is prescribed instead of 
flodium salicylate for articular rheumatism, in doses of 2—4 g per diem. 

Salenal. An ointment containing 33% % salene. Used for rheumatism. 

Salene. A mixture in equimolecular proportions of methyl- and ethyl - 
glycollic acid esters of salicylic acid. An oily liquid, said to be used alone or 
mixed with alcohol as an ointment in cases of rheumatic complaints. 

Salibromine = methyldibromsalicylate. C6H2Br2(0H)C02CH3. Powder, 
insoluble in HgO, soluble in alkalies. Prescribed as an antirheumatic and 
antipyretic. 


Salicylate, methyl. 

OH (1) 

COO.CH3 (2) 

It occurs to the extent of 90% in oil of wintergrecn, Oleum gaultheriae (q. v.). 
It is, however, generally prepared synthetically by th(5 distillation of two 
parts of salicylic acid, 2 parts methyl alcohol and 1 part (concentrated H0SO4. 
it is called artificial oil of wintergrecn and is a strong aromatic perfume, 
used in perfuming soaps, in the preparation of fruit essences, &c. S. G. (at 
16° C) 1.1819; B. P. 224®. Ethyl salicylate prepared in an analogous manner 
has a similar odour and is used for the same purposes. 


CeH4< 


Salicylic acid. CgH4(OH) . CO2H. This acid occurs in a free state 
or in the form of its methylester in various parts of different plants. For 
practical purposes, however, it is always prepared synthetically. The process 
IS as follows. Phenol is neutralized with caustic; soda and the sodium phenolato 
thus obtained after drying is exposed to the action of dry COg at the ordinary 
temperature so long as absorption takes place. Phenyl sodium carbonate 
according to the equation: — CeH5 . ONa GOg = CgHgO . C02Na. 

After this has been heated for several hours in autoclaves to about 140® the 
phenyl sodium carbonate is decomposed into sodium salicylate which is a 
dry dusty substance. This is dissolved in HgO, precipitated by a mineral acid 
and finally purified by recry stallization. In place of this patented method, 
Wore or less important modifications have lately been introduced, e. g. well 
ned s()dium phenolato is placed in the autoclave and the necessary quantity 
CO2 is pumped in under the proper pressure. After the autoclaves are cool, 
are kept closed and left for some hours to complete the reaction. The 
autoclave is then heated to 120—140® when the decomposition of the phenyl 
carbonate into sodium salicylate takes place. 

Marasse^s patented process is simpler. A mixture of phenol and potassium 
carb()nate is heated in a closed vessel to 130 — 160® and COg is allowed to 
®^^^ltaneously. It is important that care should be taken that to 1 part 
P cnol about 3 parts of potassium carbonate are used so as to avoid by the 
xcess of K2CO3 any danger of the substance being melted. The changes 
rre^Qjj^j equation: — 2 0aH5 . HO -f KgCOg + CO2 = 2CftH4(OH) 
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The purest salicylic acid is obtained from 85Uithetic phenol. Compare 
“Phenol"'. Germ. Pat. 133500 gives the following directions: — The melted 
mass obtained in the synthetic preparation of phenol, which consists of sodium 
phenolate and sodium sulphite is placed while hot on iron plates and allowed 
to cool. It is then converted, by a current of COg, into sodium salicylate 
From the sodium salts the salicylic acid is separated in the usual way. This 
method avoids the necessity of separating and purifying the phenol and thereby 
effects considerable economy of material and labour. 


To obtain the anhydride of salicylic acid, salicylideC 



ic acid 


is warmed with phosphorus oxychloride. The following method is pro- 
tected by Germ. Pat. 134234. Acetylsalicylic acid is heated for 5 — 6 hours 
to 200 — 210®, the product of the reaction is extracted with HgO, dissolved 
in acetone or a similar solvent and then precipitated with HgO. The salicylide 
thus obtained. is a white powder which dissolves in chloroform, glacial ace tic 
acid and benzene. At 110® it begins to sinter and melts (;ompletely at 
261 ®. Salicylide is used for pharmaceutical purposes and is said to servo in the 
preparation of other derivatives such as nitrosalicylidc, &c. 

Pure salicylic acid forms colourless crystals, the technical product however 
occurs as yellowish-white crystals. The taste is acid and at the same time 
rather sweet. M. P. 156®. It sublimes at 200® and distils in superheated 
steam at 170®. At 15® it dissolves in 444 times its bulk of water. At 100° 
in 12.6 parts. It is also soluble in alcohol and ether. This acid serves as a 
preservative; it is also used as a medicine and for disinfecting purposes. It 
is also employed in dye works and for the manufacture of several artificial 
perfumes. 


Salimenthol, menthol salicylate. A pale yellow pleasant-smelling li(iuid 
used externally and internally as an antiseptic and as an anodyne in cases 
of toothache, rheumatism, &c. 

Salipyrine. Antipyrine and salicylic acid in proper proportions are warmed 
on the water bath; the mixture melts to an oily liquid which solidifies on 
cooling. The salt is purified by recrystallization from alcohol. 

Colourless, odourless crystalline powder M. P. 92®, sparingly soluble in 
cold, more readily in hot HgO, moderately soluble in alcohol and in ether, 
easily soluble in chloroform. It is prescribed as an antipyretic and anti- 
neuralgic. 

Salite = Bornyl salicylate. CioHi^O . CO . CgH4 . OH. An oily liquid, 
insoluble in HgO, slightly soluble in glycerine, soluble in any proportion in 
alcohol, ether, and oils. It is prescribed medicinally in cases of rheumatic 
complaints. It is absorbed even from the hand and permeates the whole 
body. For rubbing, about equal amounts of salite and olive oil are used. 

Salocoll. CeH4(OC2H5)NH . CO . CH^ . NHg . C^HgOj. For its preparation 
see “Phenocoll . 

White crystalline needles soluble with difficulty in cold HgO. It is prescribed 
as an antipyretic, antineuralgic, and antirheumatic. 

In cases of fever the dose for adults is 0.6 to 1 g several times daily; 
rheumatism and neuralgia, 1 g daily in 3 or 4 doses. 

Salocreol. Creosote salicylate. A neutral brown oily liquid with a scarcely 
perceptible odour of phenol. It is used externally (painting and rubbing) ^ 
erysipelas, rheumatism, gout, &c. 
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Salols. In general these are the salicylic acid esters of phenols, e. g. of 
phenol, naphthol, &c.; the same compounds of phenols with homologues 
of salicylic acid are also known as salols. More especially the name is given 
to phenyl salicylate CeH4(OH) . COO . C^Hg. Several (in part protected) 
methods for the preparation of salols have been given. Salol itself is obtained 
by heating molecular quantities of sodium salicylate and sodium phenolate 
with dehydrating agents (phosphorus chloride, phosphorus oxychloride, 
potassium bisulpnate, phosgene), certain indifferent substances like benzene, 
toluene, xylene being preferably added. After the reaction has taken place 
the “contact substances*' are removed by distillation, the reaction product 
is washed with hot water and recrystallized from alcohol. The reaction in 
this process is as follows; 

2 CgHgONa + 2 CgH^lOHlCO^Na -f POCI3 

== 3 NaCl + 3 NaPOa + 2 CgHilOH) . CO2 . 

Salol (phenylsalicylate) forms colourless, tasteless crystals, of hardly per* 
ceptible odour. M. P. 42— 43<^C. It is scarcely soluble at all in HgO, more 
readily in alcohol, and very easily soluble in ether and chloroform. It is an 
important medicament, taken internally as an antirheiimatic and antiseptic; 
it is loss disturbing to the system than salicylic acid. Dose; 0*6 — 1 g three 
to four times a day; for children 0.15 g three to four times a day. Externally 
it serves as a disinfectant and de-odorizer. 

It is also used to a considerable extent in chemical industry. 

Salophene = Acctylparamidophenylsalicylate (acetyl-p-amidosalol). 

OH 

COOCCH4NHCOCH3. 

It is obtained from the nitrophenolestcr of salicylic acid by reduction and 
aec^tylation. 

Odourless, tasteless crystalline leaves, M. P. 187 — 188®, scarcely soluble in 
cold, slightly in hot HgO, readily .soluble in alcohol and ether. It is a strong 
antirheumatic and antineuralgic. In cases of acute articular rheumatism it is 
given in doses of 6 g per diem; for nervous affections 0.5 — 1.5g per diem. 

Sale quinine. Quinine salicylate. CeH4(0H)C02 . C20H23N2O. White, 
tasteless, odourless crystals insoluble in water. Prescribed as an antipyretic, 
antirheumatic and antineuralgic in doses of 1 — 2g several times daily. 

Salt (common salt; sodium chloride). NaCl. It occurs in huge deposits 

rock salt, from which it is obtained by mining; further it is found dissolved 
in the springs coming from such deposits, in salt lakes, and in sea- water. 
Salt (sea salt) is obtained from sea- water either by allowing the water to evapor- 
ate in so-called salt gardens, or by freezing the water, or finally by evaporating 
and heating. In concentrating, FcgOj is first precipitated, then CaCOg, then 
the CaS04, as soon as the concentration 25® is reached the NaCl begins 
to crystallize out — at first very pure (for cooking purposes), afterwards 
contaminated with MgS04, MgClg, and NaBr. If salt water is allowed to freeze 
the brine becomes richer and richer in salt, while almost pure H2O crystal- 
lizes out. 

Apart from the natural salt springs such are often artificially opened up 
by deep borii^. The weak brine derived from the natural salt springs is 
concentrated in those lands, where*|the 8un*8 heat is not sufficient for arrange- 
jnents analogous to salt gardens, by means of so-called “graduatora ; these 
latter are used especially m Germany. The graduators are wooden structures 
10^ — 16 m high which are filled with brushwood (still better with branches of 
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blackthorn), and placed at right angles to the direction of the prevalent winds 
The brine is pumped into the troughs running along the tops, from which it 
escapes and flows over the pile of brushwood. During this passage H 0 is 
evaporated, while at the same time the sparingly soluble constituents separate 
out and settle on the brushwood as “thorn-stone"'. The brine is allowed 
to pass through the graduators 3 — 4 times: by this means a concentration 
up to 25 % NaCl is obtained. The wind also carries away a considerable 
amount of NaCl, — in fact the loss of salt is 20 — 30 % of the original amount^) 

The “graduated’" brine is further concentrated by evaporation in shallow 
pans, CaS04 and organic substances separate out and are removed. As soon 
as the brine has become saturated by further evaporation it is allowed to 
settle a little, then drawn off into the real boiling pans, and further evaporated 
at about 90^0. The NaCl which crystallizes out on the surface is almost 
pure NaCl and is removed and dried. It is used for cooking purposes (cooking 
salt). The hard pan stone settles down on the bottom of the boiling pans; 
it consists of CaS04, Na2S04, and NaCl. 

While the natural salt springs only give very weak brines, almost completely 
saturated brines can be obtained where it is possible to open up layers 
of salt by pieans of boring deep holes (150 — 300 m deep). Two copper 
tubes one inside the other are then driven into the salt deposit; the 
solvent water is allowed to flow down between the two tubes while the 
saturated brine is pumped up out of the inside tube. The brine is then allowed 
to settle and CaS04, Mg(OH)2, Fe2(OH)6, and Al2(OH)g precipitated by the 
addition of milk of lime. Excess of lime must be avoided, or must be removed 
by the addition of more brine. After the precipitate has settled, the clear 
brine is evaporated; this is carried out either in open pans, or in vacuo, or 
finally in closed boilers under steam pressure. In the latter case the steam 
(at 120®) under a pressure of about 2 atmospheres enters the hot salt solution 
(100® C) through a coil lying in the solution. It gives up its latent heat to the 
brine and becomes completely condensed. By the latter method, as well as 
by evaporation under diminished pressure, it is possible to use the steam 
(for 100 kg NaCl about 300 kg HgO have to be evaporated) which otherwise 
escapes uncondensed, because at the ordinary pressure it is at the most 
100® while saturated brine boils at 108®. 

A problem of the greatest importance for the preparation of salt is the 
removal of the CaS04 from the brine. It must first be mentioned that at pre- 
sent the evaporation is carried out for the greater part in vacuum apparatus. 
In the vacuum evaporation, apparatus is employed with “double effect’ 
and even Avith “triple effect"". This apparatus is constructed on the barometric 
principle, that is, it has the form of towers the height of which corresponds 
to the S. G. of the liquids to be evaporated; they are open underneath, and 
dip into a vessel with a constant level arrangement; from this vessel the 
liquid to be evaporated is forced up by the air pressure into the tower from 
which the air is sucked out above. A steam mantle v hich, however, only 
surrounds the upper part of the tower is used for heating the apparatus: 
the boiling liquid floats on the cooler brine below since it is less dense. Tnc 
fine-grained white salt which separates out by evaporation falls down the 
tower through the colder layers of brine (which are in this way heated) on 
to the bottom of the vessel, from which it can be continually removed (the 
vessel can bo opened at the side). In order to construct an evaporatmg 
apparatus with double or triple effect several single pieces of apparatus 
are joined in the following manner: The steam mantle of the first apparatus 
is usually heated to 100® by the waste steam of a steam engine; in the insicie 


‘) The high percentage of ealt in the winds coming. from the graduators make* 
them v^uable for health purposes. 



Salt. 


689 


of the evaporating tower the amount of air to be removed must be so regulated 
that the upper parts of the brine boil at about 80°. The steam sucked off 
with the air from the inside of the first apparatus enters into the steam mantle 
of the second apparatus and raises the temperature of this to about 80®. Here 
the air pressure must be so regulated that the brine starts to boil at about 60®. 
The whole arrangement is then an evaporation apparatus with double effect; 
to obtain such an apparatus with triple effect the steam and air at 60® drawn 
off from the second tower, are used for heating a third apparatus in which the 
brine boils at about 40® on ^count of the still further reduced air pressure. 

This vacuum evaporation in the apparatus just described can only bo well 
carried out when the CaS04 has been removed from the brine. Otherwise 
the CavS()4, which separates out first, forms a crust on the walls and hinders 
the conduction of heat from the steam mantle to the inside. The best process 
for removing the CaS04 from the brine is that protected by Germ. Pat. 118451 
and several other accessory patents 140604, 140605, and 146713. In this the 
CaS()4 is “salted out of the brine by the addition of other more readily 
soluble sulphates or calcium salts, e. g. by the addition of large amounts of 
CaCU or Na2S04. Traces of CaS04 which still remain in the brine are removed 
by double decomposition with BaCl^ (if the salting out of the CaS04 has been 
done with CaClg), or with NaaCOj (if Na2S04 has been used for salting out). 
The NaaCOa can be omitted if at the beginning caustic lime and Na2S04 have 
been added so that free alkali is formed; in this case the filtered brine is 
treated with COg until the free alkali has been converted into carbonate. — 
Derm. Pat. 142856 aims at bringing about the purification of the brine from 
Ca salts by means of artificial magnesium carbonate. 

The drying of the salt for culinary purposes is carried out in dr)dng pans 
or on hearths. See “Sodium compounds”. 

Test. It is very important that a good average sample be taken. The 
qualitative tests are for potassium and then for alkali bromides and iodides, 
as wc;!! as in culinary salt for metaUic salts (Pb, Cu, Sn). Tlie heavy metals 
arc tested for by the ordinary method. For the determination of the other 
^ibstances mentioned a large, amount of salt is treated with an amount of 
020 quite insufficient to dissolve all the salt, the resulting extract after 
filtration evaporated down to a third of its volume and then refiltered. One 
half of the filtrate is treated with platinum ehloride: If KCl is present a 
yellow precipitate is obtained; the other half of the filtrate is treated with 
chlorine water drop by drop and shaken with chloroform, when first the 
iodine and then the bromine are set free and absorbed by the chloroform. 

rile quantitative test is restricted in practice usually to the estimation of 
water, chlorine, sulphuric acid, and insoluble matter. The amount of moisture 
IS estimated by heating about 5 g of salt in a perfectly dry Erlenmeyer flask 
of 250 cem capacity for four hours at 140—150®. The total amount of chlorine 

^ found by a direct titration with ^ - silver solution, using K2Cr04 as an 

indicator; from the Cl the amount of NaCl is found. The H2SO4 determination 
18 carried out in the ordinary gravimetric manner. 

lo estimate the amount of insoluble substance 50 g of the very finelv 
ground average sample are dissolved in luke-warm water, filtered througn 
^ Weighed filter, then the undissolved substance washed without loss into 
^ mortar and there ground' with sufficient water to bring the whole 
ot the CaS04 mto solution. The water is then decanted from the mortar and 
^^^jP^^oess repeated; the residue is finally brought on to the filter and dried 

After weighing, the insoluble residue on the filter is dissolved in warm 
HQ, precipitated with NHg, the precipitate dissolved again in H2SO4 
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(1 : 4), and the iron oxide titrated after reduction (with Zn) with KMnO 
solution (about 1 g KMn 04 in 1 litre). That part of the insoluble mattpr 
which does not dissolve in HCl is washed again with H^O and dried at lOQo 
by this means the amount of sand and clay is found. If then the sum of iron 
oxide + sand and clay be subtracted from the total amount of substance 
insoluble in water, the remainder gives the amount of calcium carbons fo 
(and magnesium carbonate). 

In the filtrate from the estimation of insoluble substance in HgO the amount 
of Ca and Mg can be found after the addition of NH 4 a + NHg in the ordinary 
manner. ^ 

The whole of the Mg is reckoned as MgClg, the equivalent amount of NaCl 
subtracted from the total NaCl, and in this way the real amount of NaCl is 
found. If more H 2 SO 4 is present than corresponds to the amount of soluble 
Ca found, then the excess is reckoned as Na«S 04 , while in the opposite case 
the Ca-remainder is reckoned as CaClg; in this case the equivalent amount 
of NaCl which corresponds to this CaClj must be subtracted from the total 
amount of NaCl. 

Saltpetre (nitre). By saltpetre potassium nitrate, KN 03 ,is usually understood. 
The method of obtaining it from the saltpetre deposits in the East Indies 
(and especially in Ceylon) by lixiviation has no practical importance as far 
Europe is concerned. The former method of formation is losing its importance; 
in this process animal droppings, &c. were mixed with loose earth and allowed 
to stand in heaps for several years to oxidize (nitrify) after which the KNO^ 
was extr^ted by lixiviation. The principal amount of saltpetre is now obtained 
from Chili saltpetre, that is, from sodium nitrate, by double decomposition 
with KCl. Eor the manufacture of such saltpetre Chili saltpetre (about 95 % 
NaNOg) and Stassfurt KCl (about 80 % KCl) are employed. These are dissolved 
in equivalent amounts (still better with a slight excess of NaNOg) and then 
evaporated. The separation of the salts present, KNOg, NaCl, and KCl depends 
on the fact that these salts have very different solubilities in cold and in hot 
water. For example at 0® 1 kg KNOg requires 7.6 kg HoO to bring it into 
solution, while KCl only needs 3.41, and NaCl only 2.84 kg HgO. On the other 
hand at the boiling point of the saturated solutions in question 1 kg KNO, 
is dissolved in 0.928 kg HgO, 1 kg KCl in 1.68 kg HgO, and 1 kg NaCl in 2.47 kg 
HgO. The solutions are evaporated down till they have the S. G. 1.6, when 
the NaCl which separates out is constantly removed. When this concentrated 
solution has become clear it is brought into the crystallizing boxes where 
stirring contrivances cause the KNOg to be precipitated as a crystalline meal 
on cooling. The crude saltpetre thus obtained is covered once or twice with 
cold HgO to remove the remains of NaCl and KCl, and is then recrystallized 
from boiling water. 

With regard to the preparation of saltpetre from the air, see 
"‘Nitric acid". 

Pure KNOg forms large transparent crystals or a crystalline powder and does 
not alter in the air. 100 parts HgO dissolve at 0® 13.3 parts, at 10® 21.1 parts, 
at 20® 31.2 parts, at 60® 86.0 parts, at 80® 172 parts, at 100® 247 parts, and 
at 114® B. P. 284 parts KNOg. The aqueous solution has a neutral reaction 
and has a cooling salty taste. 

KNOg is employed for the manufacture of gunpowder and blasting powder 
(see “Gunpowder"), for fireworks (see “Fireworks"), for pickling} meat, 
in agriculture, as well as for fusions in metallurgy. 

Test. The refined saltpetre must be almost chemically pure. To determine 
the aniount of moisture. 10 g KNOg are dried for two hours at 120 — ^130 * 
the percentage of HjO must at the most amount to 0.25 %. To determine 
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the Cl, 100 g KNO3 are treated with AgNOg and the precipitate of AgCl 
estimated by weighing. The percentage of a must not bo more than 0.0066 % 
(=0.011% Nad). 

The determination of the insoluble matter, also of Ca, Mg, SO3, &c., is 
carried out in the ordinary manner; usually a qualitative test is sufficient, 
100 g KNOg being taken each time. To test for Na, potassium antimoniate 
is used. 

To find the amount of KClOg which may be present 10 g of finely powdered 
saltpetre are stirred in a porcelain crucible — which is well cooled from the 
outside — with 25 com pure concentrated H2SO4. The acid must remain 
perfectly colourless, and must not show a trace of yellow. 

For the test for perchlorate see “Chili saltpetre’'. 

Sanatogen. A food preparation which has recently attracted considerable 
attention consisting of 45 parts caseine and 5 parts sodium glycerophosphate. 

Sandarac (Sandaraca; Resina sandaraca). A resin exuding from the 
bark of the African fir Callitris quadrivalvis and solidifying in drops. The 
sandarac sold is pale yellow to yellow, covered with whitish dust, brittle, 
with a vitreous fracture. It occurs either in grains or pear-shaped drops. 
Aromatic, resinous, slightly bitter taste. It has a faint balsamic odour when 
heated. Pure sandarac dissolves in alcohol completely, giving a clear solution. 
It is chiefly used in the manufacture of varnishes, and of sticking 
plasters &c. 

Sandalwood. Obtained .from the Pterocarpus santalinus of Southern Asia. 
The wood is very hard, dense and heavy, and is blood-red in colour. It is sold 
in the form of chips or as a reddish-brown powder. Santalin, the colour principle, 
is a red powder. It is used for obtaining brown shades, particularly in wool 
dyeing, generally in combination with other dye-woods. The colour after dyeing 
is developed with KgCrgO,, alum or CUSO4. 

Sanguinal. A preparation of blood and iron consisting of 10 parts haemo- 
globin, 44 parts muscle albumin and 46 parts blood salts. 

Prescribed for chlorosis, anaemia, scrofula, general debility, &c., generally 
in the form of pills^Pi'Ialae sanguinalis) Vifhich. frequently contain other medica- 
ments; also given in form of a liquid ( LiqiLor sanguinalis). 

Sanguis Draconis see “Dragon’s blood”. 

Sanoform = Diiodomethylsalicylate. CgH2l2(0H)C02CH3. It is used in 
dressing wounds as an odourless substitute for iodoform. 

Sanogon. A disinfectant consisting of a mixture of the disinfecting con- 
stituents of various tar-oils with CaC^ and MgClg in a saponified form. Since 
creosote as creosote soap is the only cresol contained in sanogen the poisonous 
effects of other similar disinfectants are considerably diminished. When 
dilute, sanogen is completely odourless. It is sold in the form of Sanogenum 
t^chnicum and Sanogenum medicinale; the latter is used more especially in the 
treatment of wounds and as a preservative for water. It is also recommended 
as a manure preservative since it prevents objectionable bacterial decom- 
positions. 

Sanoleum. A mixture of crude cresols with hydrocarbons, similar to Saprol 
v.).^ It is used especially in disinfecting urinals, where it applied to the 
'vails; it is also used to fill the syphons. 

Santonin©. C^gH^gOg. The active principle separated from the blossoms of 
'vormseed. It is an internal anhydride (lactone) of santoninic acid C15H20O4. 
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Colourless, odourless crystals with a bitter taste, which turn yellow in the 
light; M. P. 170® C. ;Very sparingly soluble in cold, a little more readily in 
boiling HjO, more readily in alcohol, ether, and chloroform. 

Santonine has a specific action on worms. Young children are dosed with 
0.025 g, older ones with 0.06 g once or twice a day. Maximum dose 0.1 or 
0.3 g per diem. 

Santyl. Santalol salicylate. C«H 4 (OH) . CO . 0 . C„H^. A tasteless oil 
prescribed for gonorrhoea. 

Saparoform. A solution of 3 — 5 % paraform (paraformaldehyde) in liquid 
potash soap, frequently with additions of aromatic substances. Said to be 
used medicinally. 

Sap green. A concentrated decoction of the unripe berries of Ehamnus 
mixed with a little alum and indigo carmine. 

Sap yellow. A vegetable dyestuff obtained from the half -ripe dried berries 
of various species of Rhamnus. The glucoside, Xanthorhamnine, which is 

S resent in the berries is decomposed by dilute acids giving the dyestuff 
iHAMNiTiNE. It is used in painting in the form of a lake, which is prepared by 
mixing the extract of the berries with a solution of alum and precipitating 
the aluminium lake with chalk. 

Sapene. Medicine bearer, consisting of liquid soap, which according to 
the embodied medicament (Salicylic acid, Jod, Kreosotpp.) are indiceted as 
Salicylsapene, lodsapene pp. They did not irritate skin, but imhul 
it swiftly and give a prompt effect. 

Sapocarbol = lysol (q. v.). 


Saponine. This name is given to the active constituent of tho. Cortex quillajae, 
or Panama bark, which is used instead of soap for washing articles of clothing, &c. 
It is used for producing a lather. Saponine, as well as other similar veg(^tablo 
products, belongs to the glucosides. Saponine substances dissolve in water, 
and if the solution is well shaken or agitated a foam is produced on the water. 
Saponine has a biting taste and in the powdered from causes sneezing. It 
emulsifies with oil, and dissolves the red blood corpuscles: because of the 
latter property it acts as a poison. Besides being used for washing delicate 
materials, saponine is also sometimes employed in medical practice. To obtain 
the product as pure as possible the root of the plant (Germ. Pat. llfibbl), 
is steeped in H 2 O and the dark-coloured extract boiled with a small addition 
of formaldehyde for a considerable time ; it is then filtered off from the flakes 
of colouring matter and albumen wliich have become separated. The liquid 
is then evaporated to dryness with constant stirring. The product thus ob- 
tained forms an almost white powder, very irritating to the throat and nose. 
According to Germ, Pat. 144760 saponine can be prepared from horse-chestnuts. 
The fresh ripe fruit is opened, the nut peeled, the watery cotyledons broken 
or crushed and dried at a temperature of 40 — 60®. The fatty contents are 
then removed from the powdered nuts by means of benzine or petroleum ether 
and boiled several times with alcohol. The alcoholic extract is then evaporated, 
dried in vacuo, pulverised and dissolved in hot alcohol, after which the solution 
is treated with freshly precipitated (prepared from Pb(N 03 )a and NH3) 
hydroxide to separate the impurities. The warm concentrated solution 
is poured into several times its volume of ether, when the saponine 
cipitated as a white substance. The powder is then washed with ether and the 
operation repeated till the product is sufficiently pure. The saponine thu3 
obtained, which should amount to 10% of the original substance, isa whi e 
powder which dissolves to any extent in H 2 O and forms a frothy 
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According to Germ. Pat. 156954 a non-poisonous saponino is obtained from 
the leaves, twigs and roots of Omiacum officinale or from the resin of this 
tree by making an extract, precipitating with lead acetate and decomposing 
the filtered lead precipitate with HgS. 

It should also be noted that there is a commercial article known as Saponinb 
which is used as a boring and cutting oil, but which is in no way connected 
with the real article. 

Saprol. A mixture of Crude cresols and hydrocarbons, probably obtained by 
the distillation of petroleum. 

A dark-brown liquid, lighter than water which forms a uni- 
formly thick film shutting out the air. Used for disinfecting lavatories, 
urinals, &c. 

Scheele’s green see “Copper colours’*. 

Scopolamine see “Hyoscine’*. 


Sealing wax. A substance obtained by melting shellac and turpentine 
with an addition of chalk, heavy spary magnesia, burnt gypsum, bismuth 
white, zinc white, &c. and some colouring matter, e. g. cinnabar, English red, 
bone black, Berlin blue, chrome yellow, ochte, zinc chromate, lamp-black 
or red lead. The inferior kinds are sometimes adulterated witli substitutes 
for shellac such as colophony, paraffin, pitch or ceresine. Some of the best 
qualities are perfumed with Balsam of Peru. 

Shellac and turpentine are melted at a moderate temperature, 
with constant stirring, then the minerals are added together with the 
colouring matter in the form of powder and finally a further small 
quantity of turpentine oil is added. The liquid substance is then poured 
into oiled moulds. 

Cood scaling wax should melt readily and bum quickly; should flow and 
not drop ; it should adhere well to paper, give clear impressions and retain its 
colour. 

Dr. Carl Goldschmidt published an article in the Chem.-Ztg. 1905, 33, 
on the artificial production of shellac in which he says: “The poisonous nature 
of shellac renders the preparation of a cheap substitute very desirable. The 
formaldehyde resins are the best. The most suitable for the preparation of 
blue sealing wax is the resin prepared from formaldehyde, HCl and methyl- 
diphenylamine.“ 


Seger Cones. There are small tetrahedra 6 cm in height and 2 cm base 
composed of aluminium silicates of different melting points. The cones 
gradually soften when heated and the vertex falls in ; a cone is said to be melted 
^ben the vertex touches the base. 

Soger cones are used in pyrometrical determinations. 

The different numbers of these tetrahedra are of the following 
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Selenium. Se. A. W. = 79.1. An element allied to sulphur, occurring m 
small quantities in iron and copper ores. It accumulates in the lead chambers 
used in the manufacture of suiyhurio acid. To separate Se from the chamber 
mud the latter is mixed with water and Cl introduced. The Se converw^^ 
at first into selenious acid and then into selenic acid is reducing by evapormmg 
the filtered solution, heating with cone. HCl (reducing the selenic 
selenious acid) and finally introducing SOj or adding NaHSOg ; the Se separa 
as an amorphous red powder. When heated it is changed into leaden > 
crystalline Se, M. P. 217®. The latter is insoluble in CSj, while 
Se is soluble. The electrical conductivity of Se increases in proportion to 
amount of light falling upon it. 
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According to Swedish Pat. 16359 (1903) minerals containing Se (berzelianite) 
are powdered and then boiled for some time with concentrated HjS 04 so that 
all the selenium is dis^lved. The solution is filtered and then mixed with 
aqueous sulphite solution, when the selenium is again precipitated. 

The preparation of Se is now of some importance as it is used for imparting 
a red colour to glass. 

Se-compounds are analogous to those of sulphur, and their properties are 
niuch alike: — Seleniuretted hydrogen H 2 Se, selenium dioxide SeO^ (selenious 
acid HaSeOg); selenic acid H 2 Se 04 , &c. 

Sepia. A colouring matter obtained from the ink -sac of the cuttle-fish 
{Sepia). The contents of the ink-sac are dissolved in NaOH and the filtered 
solution is precipitated with acids. The brown precipitate is, after washing, 
mixed with gum and moulded into tablets. It is used as a water-colour. 

Sericine see “Silk“. 

Sesame oil. An oil obtained by pressure from the seeds of Sesamum indicum. 
The seeds are pressed first cold, then with the addition of cold water, and 
finally hot and in a moist state. A non-drying, pale-yellow, tasteless, pleasant 
gmelling oil, S. G. (at 16®) 0.919 to 0.921. At — 6® it assumes the consistency 
of butter. Saponification number 191 — 199, iodine number 103 — 110. It is 
used for culinary and for technical purposes. 

Sewage. A distinction is made between the sewage and drainage of towns, 
and that of mills and other works and factories. Sewage consists of human 
excreta and the waste water from houses, while refuse drainage consists of 
the residue, waste water, &c. and from all kinds of industries. The most im- 
portant to be considered here are the liquid refuse and that suspended in 
liquids which if kept any length of time emit unpleasant smells and cannot 
be stored as solid refuse is often stored. The removal or purification of drainage 
and refuse water is therefore of great importance for urban districts and for 
many branches of industry. The industries which are particularly concerned 
are paper mills, wool cleaning works, silk, cloth, and cotton mills, dyers’ 
works and colour factories, sugar and starch works, breweries and distilleries, 
oil factories, slaughter houses, tanneries, glue factories and skinning yards. 
The refuse from all such trades contains much nitrogen and consists prin- 
cipally of organic matter. There are, however, many other branches of industry 
m which refuse and drainage mainly consists of inorganic substances. Among 
these may be mentioned coal mines, salt works, potassium chloride and 
bleaching powder factories, bleaching works, gas factories, soda and potash 
works, iron pyrites mines. 

We shall give a short sketch of the manner in which the drainage from the 
Above named works is purified, confining ourselves to the processes which are 
^ most general use. 

1. Bleaching wobks. The drainage consists, when composed of exhausted 

leaching vats, principally of hypochlorous acid, while that from the neutral- 
isation baths contains Na 2 S 04 . The first named drainage is neutralized by 
, . second, adding lime water, and is then cleared by leaving for a considerable 
to^r ^h After the purification the water contains CaClg which is injurious 

2. Bleaching powder works. The drainage contains MnCla, FcaCl^ and 
^ ker chlorides, HCl and uncombined Cl, besides As. The drainage can be 

seasoning wood, for disinfecting purposes, in the manufacture of glass 
And for the production of colours. If it is to be purified it should be done 
precipitating with a solution of alkali waste and then oxidizing with 


38 * 
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3. Bbewebies and distillebies. The drainage from such works vario 
considerably. It often contains matter which causes decay and fermentation^ 
and in addition soluble nitrogenous compounds. Very frequently the drainage 
is so dilute that no purification is necessary; when necessary the waste water 
is conducted through irrigating hurdles or it is precipitated with lime water 
or with lime water and FeS04. The Nahnsbn-Muelleb method protected bv 
Gemi. Pat. 31864 is much recommended. In this process soluble silica and 
aluminium sulphates from the refuse of alum works are used. Accordin*/ to 
Engl. Pat. 16555 (1903) the drainage is heated with CaO or Ca(OH).,. ^tbe 
sediment is then separated and employed as manure. It is not quite clear 
what point is here patented or where the novelty lies. 

4. Cellulose Factobies see 13. Papeb mills. 

5. Cloth mills, see 24. Wool washing wobks. 

6. Coal pits, see 16. Salt wobks. 

7 . CoLLiEBiES. The drainage and pit water contain coal particles, HgSO 
and FeS04. The water is allowed to settle in boxes, and lime is also often 
added to combine with the H2SO4 and FeS04. 

8. Cotton mills see 24. Wool washing works. 

9. Dye factories and dyewobks. The contents of the waste water 
vary greatly. Besides colouring substances and pigments this drainage 
also contains mordants, starch, &c. Sometimes injurious metallic salts, such 
as Hg and As are present. There are many methods which have boon put 
forward for purification in this case, but the only one which has proved satis 
factory is precipitation with lime water. If MgClg is added the r(‘sult is 
better. The amount of chemicals added must be in proportion to the im- 
purities present and the kind of impurity naturally determines the substance 
chosen. Waters containing As are best treated by precipitation with FeSOi. 

10. Gas works. The gas water contains large quantities of ammonium 
salts besides phenol and other organic substances. After the NH3 has been 
obtained by boiling, the drainage is usually treated with sawdust and shavings, 
which are then used as fuel. Gas lime contains in addition to CaO, CaCOj, and 
CaS04, the sulphides, sulphates and sulphocyanides of Ca. The three 
last-named compounds are harmful both to fish and plants. Gas lime is 
used for making sulphur, for disinfecting, and for removing the hair from skins. 

11 . Glue factories. In the drainage from bone glue factories are found 
clue, decaying matter and ammonium salts. The water from leather glue 
factories contains organic salts of lime and animal substances. It is best to 
use this refuse for manure; the glutinous water baths can also be emi)loyed 
for the preparation of superphosphates. If the refuse water is to be purified 
it is best to use the above mentioned Nahnsen -Mueller process (see under 4). 

12. Iron pyrites pits &c. FeS04 uncombined H 2 SO 4 are found in 
the drainage water, besides a certain proportion of ZnS04. The water i.s puri- 
fied by precipitating ferrous hydroxide with CaO and then letting it stand 
in receptacles to settle; by this means the H2SO4 is also neutralized. 

13. Paper and Cellulose works. The waste water is contaminated with 
very different substances according to the material employed and the process 
by which the work is carried out. Organic matter in great quantities is always 
present and besides this there may be lime, chlorine, sulphurous and sulphuric 
acids. The purification is carried out in many different ways, none of which 
give complete satisfaction. The refuse water may be stirred with sawdust, 
charcoal &c. and then either burnt or distilled. The suspended semi-liqiii^ 
material has also been separated by passing the drainage through metal 
sieves. The use of lime water has also been recommended. The NAipsEN- 
Mueller process (see under 4) also appears to be very successful for this pur- 
pose. For the methods for the preparation of manures from the waste licpiei^ 
of the sulphite manufactures, compare “Manures ARTiFiciAL^h 
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14 . Potash works, see 20. “Soda works.” 

15. Potassium chloride works. The drainage water contains CaCl^ 
MgClg, CaS 04 and MgS 04 , The chlorides are injurious to fish, but if suffi- 
ciently dilute are ver^ favourable for the growth of plants, and can therefore 
be used directly for irrigation provided the amount of chloride per litre does 
not exceed 1 g. If the chloride contents exceed 1 g per litre the refuse water 
should be concentrated and treated with Cl or HCl. 

16. Salt works and Coal mines. The waste waters of such works contain 
much NaCl and also CaClg and MgClg ; in the drainage from coal mines H 2 SO 4 , 
Fe salts, and mud containing iron oxide are in suspension. 

17. Silk mills, see 23. Wool washing works. 

18. Skinning yards see 19. Slaughter houses. 

19. Slaughterhouses and Skinning yards. The drainage from such places 
is liquid and contains much solid matter in a state of decomposition which 
may be the cause of injury to health. Living disease germs, such as tubercle 
and anthrax bacilli, are often present. When the refuse is dried it forms a 
very valuable manure. Experiments have also been made, with the object 
of extracting the fat by means of compressed steam, and the result is said to 
have been satisfactory. Various kinds of reagents are used for the purpose 
of purifying this kind of industrial refuse. One mixture is made of carbolic 
acid, aluminium hydroxide and iron hydroxide; probably the Nahnsen- 
Mueller purification process will, however, be found to be the best. 

20. Soda and potash works. The refuse from the Leblanc process con- 
tains CaS, CaCOg and Ca(OH )2 besides other sulphides, Al^Og, As, &c. This 
dry refuse is either used as manure or worked up into other products. The 
drainage from the ammonia process contains much CaCl 2 and NaCl; from 
these constituents HCl and Cl are obtained. 

21. Starch factories. Decomposing matter and substances which bring 
about fermentation are found in the waste from these industries, among others 
albumen, sugar, gum, and also inorganic salts. It has been found that the best 
means of purification is to let the water stand so that the starch can settle 
and then to employ the drainage for irrigation purposes. It is an excellent 
manure and especially so if no free acids or alkalies are present. If it is im- 
practicable to make use of the refuse water in this way it should be purified 
with OaO, with CaO and Fe 2 S 04 , with CaO and Al 2 (S 04)3 or similar mixtures. 

^2. Sugar works. The drainage contains decomposing substances and 
fermentation bacteria in great quantities. The most advantageous use to 
make of this refuse is for irrigation purposes, as the constituents which make 
^P a good manure are present in great quantities. It is a good plan to let the 
drainage stand awhile until the fermentation has ended and then to clear 
with lime water before using in the way suggested. 

23. Tanneries. The refuse water contains decomposed matter and in some 
^ases also disease germs. As, CaS and other harmful substances may also 
be present. Water may be used with advantage for damping and moistening 
the dry tan refuse. Putrid water is first disinfected and then cleared. Tan 
Water is precipitated with lime or filtered through sand. If As is present the 
clarification must be carried out with CaO and FeS 04 . 

24. Wool washing works, silk, cloth, and cotton mills. The vat and 
bath waters contain fat, oil, soap, glue, soda, alum or tartar, fuller^s earth, &c. 
^ the drainage from wool-washing there is much grease, blood, and dung, 
the danger from such drainage is principally due to the presence of decom- 
Pcaiug matter. Soda and soap if exceeding 2—lO^U render water dangerous 
e fish. The soapy water is treated with H 2 SO 4 , when the fatty acids collect 

eu the surface and can be pressed, remelted and again pressed. The residue 
can then be used as manure. It is a better plan to precipitate the warm soapy 
Water (760) with CaO or CaClj, and then to use the sediment for the manu- 
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facture of gas for lighting purposes. Wool grease water is at present almost 
always used for the manuiacture of potash. 


In the above remarks only a few of the most common methods for the 
purification of drainage and factory refuse have been mentioned The puri* 
fication of town sewage will be found in the article onWATBB, purification op. 

Shale oil. A mineral oil obtained by the dry distillation of bituminous 
shale. (Compare Shale tar). From 1000kg of shale about 136 litres of crude oil, 
295 litres of ammoniaoal liquor and 69 cbm of gas are obtained. The crude 
oil is dark -green in colour and on account of the presence of paraffin is semi- 
solid at the ordinary temperature; above 80® it is liquid. S. G. varies from 
0,86 to 0,89. The crude oil is distilled in stills fitted with a series of bulbs placed 
one under the other, by which means green naphtha (S. G. 0.753) and green 
oil (S. G. 0.858) are separated. The fractions are treated with acids and alkalies 
and redistilled. The green naphtha is then ready for sale while the green oil 
is further fractionated into light and heavy oils. The solid paraffin, the most 
important constituent, is then separated from the heavy oils by cooling 
and pressing. The residual blue oil is used for lubricating purposes. 

Germ. Pat. 159262 deals with the purification of shale oils, more parti- 
cularly with reference to the removal of S. The method consists in heating tho 
oil with dilute HjSO*, then with alkalies and finally with AlgClgi the oil is 
simultaneously heated under pressure. After this treatment the oil is sepa- 
rated from the and washed. The method gives a good oil for illumi- 

nating purposes. 

Shale tar. A tar obtained by heating bituminous shale with superheated 
steam in continuously- acting retorts, partly in vaevx) and partly at the ordi- 
nary pressure. The product is somewhat similar to brown-coal tar (q. v ). 
S. G. 0.860 to 0.900. M. P. very variable. 

Shellac. (Lacca in iabvlia). The Coeem lacca or shell louse which lives on 
the branches of several plants, indigenous to India and the Southern Islands, 
such as Ficus religiosa and F. indica, causes by its vitalprocesses the formation 
in enormous quantities of the substance known as gum lac or stick lac. inis 
resin contains the colouring principle called lac dye. Compare Animal 
colours”. After this product has been obtained from the resin by means ot 
water the residue is dried, melted, filtered through cloth or steel sieves, an 
finally poured out into thin cakes or thick pieces. This product then comes 
on the market in various qualities and shades under the name 
It melts very readily when warmed and can be drawn out into threads wnic 
are then sold as spun shellac. . 

The crude product is also subjected to various processes of puriticaiioii, 
for instance the waxy matters are separated by boiling the resinous substan 
with a 3 % solution of NagCOg. It is sometimes bleached by filtermg 
animal charcoal or through hypochlorites of sodium or potassium. . 
bleaching, however, the material is swelled with a little ether, as it j 

dissolves with difficulty in alcohol. A clear solution can never be obtaint 
from impure shellac. A resih which dissolves completely in alcohol, is p 
pared by Gbagbr’s method, that is by dissolving 1 part of shellac ^ ^ P -n 
of alcohol (92 vol. %), and gradualljr adding as much ;“then 

produce a cheese-like precipitate leaving a clear supernatant fh^^^* . ^r... 
drained, pressed, and filtered; the pure product is obtained by distiiimg 
the alcohol and drying the residue on a water bath. 

Shellac, which is often adulterated with colophony, is used for mating 
nishes, cements* sealing wax, &o. 



Shoddy. 


599 


Amer. Pat. 760541 aims at the production of a substitute for shellac for 
polishing purposes. 9 parts of 100 % potassium-hydroxide are boiled with 
140 parts of water to which are added 66 parts of a resin soluble in alcohol, 
and a quantity of oleic acid equivalent to 2 or 3 % of the weight of added 
resin; the cooled dilute mixture is then decomposed by dilute sulphuric 
acid and finally the precipitate is washed and dried. 

Shoddy, see “Wool**. 

Siccatives. The name given to various substances added to linseed oil* 
varnish and varnish colours in order to make these liquids dry more rapidly. 
Siccatives are sold partly as liquids and partly in the form of powders. The 
former, drying oils (^iers), prepared by boiling preparations of lead, man- 
ganese or zinc with linseed oil or with mixtures of linseed oil and turpentine 
oil, are gradually being replaced by the solid siccatives. They are the metallic 
salts of the same oleic, linoleic and resin acids which are obtained by evaporat 
ing drying oils or by melting the respective materials together. So, for 
example, resin acid salts are prepared by melting compounds of lead, man- 
ganese and zinc with colophony. 

Besides these also litharge, minium, sugar of lead ,lead borate, lead man- 
ganate, manganese borate, manganese oxalate, manganese dioxide &c. are 
used as “siccatives**. Manganese borate is frequently called simply Siccative. 

According to v. ZouL (Chem. Revue 11, 80) manganese oxylinoleate is the 
best siccative for linseed oil. It is obtained by boiling manganese dioxide 
with linseed oil, or better still by neutralizing linoleic acid and then oxidizing 
with KMn 04 . "This siccative acts on linseed oil even when cold. 

Germ. Pat. 154766 protects the addition of naphthalene in the preparation 
of siccatives. 

The various siccatives are mentioned under the respective metallic com- 
pounds. 

Sidonal. The piperazine salt of quinic acid. Obtained by neutralizing quinic 
acid with piperazine. A colourless salt with an acid taste, readily soluble in 
water. M. P. 168 — 171®. On account of its solvent properties for uric acid 
it is prescribed for gout. 

Sieve machines. 

Sieve cylinders and sieve maohines: 

Mux Friedrich & Co., Leipzig-Plagwitz 17. 

Silk. Natural silk is the cocoon thread of the mulberry silk spinner Bom- 
mori. In order to prevent injury to the cocoon by the moth crawling 
out the chrysalis is killed by heating the cocoons either by dry heat or by 
steam to 75® and then drying. To unwind the thread from the cocoon the gum 
which fastens the strands together is softened by dipping for a short time in 
boiling water; the threads of 4 — 18 cocoons are then spun together; on drying, 
the gum which was softened by the water binds the threads together to a 
simple strong thread. The waste parts of the cocoon yield, after boiling with soda 
solution, combing and spinning, the so-called floss silk. 

As far as the chemical composition of the silk fibre is concerned it consists 
state of 66 % of real silk substance which is called fibroin, and of 
the silk gum surrounding the silk substance. The latter substance is similar 
^ ®^ 2 e and is known as sericine, silk size, or silk rubber 

Before being woven or dyed the raw silk must be freed from the coating 
m size; only then does it become lustrous, soft, and capable of taking up 
ycstuffa. The removal of the size is usually performed oy treatment with 
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soap solution. It can be divided into the ‘‘size-removing and “white boiling”. 
The removal of the size is carried out by drawing the threads through almost 
boiling neutral soap solutions ; after this the strands are washed in a dilute 
solution of sodium carbonate. If the silk free from size is not to be dyed a 
dark shade it must be boiled until white, that is, it is sewn in coarse sacks 
and boiled for about an hour in soap solution, it is then washed in a weak 
solution of sodium carbonate, then in pure water, and afterwards bleached 
with SOn or HjOg, after which it is again thoroughly washed. 

The silk free from size is termed Cuttb; the cuite silk is highly lustrous 
and is soft to the touch. The well known “rustling'* of silk is not a natural 
property of the fibre, but is due to further treatment in aoid dye baths. 

On account of the great loss of weight suffered by the silk when the size 
is removed it is often preferred for many purposes to leave the silk size wholly 
or for the greater part still in the fibre. However, to render the silk soft the 
raw fibre is subjected to the so-called “soupling". In this at first a weak and 
only luke-warm soap bath is employed, it is then treated with sulphuric acid 
containing hyponitrous acid, washed and bleached with sulphurous acid; 
after this follows the real soupling, that is, immersion in a boiling dilute solution 
of cream of tartar. The souple silk thus obtained is simply raw silk rendered 
soft; it can be dyed both light and dark shades. To prevent it from again 
becoming hard on drying a further treatment is necessary, namely the so- 
called chevilling: for this purpose the strands are hung over a smoothly 
polished post (cheville) fastened on the wall^ and then stroked and wound 
continuously by means of a polished stick, so that the point of suspension 
of the strands is frequently changed. Recently this work has been performed 
to an increasing extent by chevilling machines. In these the strands pps 
between several rows of revolving rollers : the rollers also make, in addition 
to the rotation about their axis, an up and down and also a horizontal motion, 
so that the strands are turned ana wound under equal tension. 

Finally a third kind of silk must be mentioned, namely the 6 cru or cru-silk. 
This also is a silk from which th^ size has not been removed — just like souple 
silk ; but while the latter has at least been made soft, in the 6 cru-silk even 
this process is omitted, and the raw silk is simply washed with water, thcii 
bleacned by the action of SO 2 and aqua regia, and then again washed. In soup • 
ing 8—12 % of the weight is lost, while the loss of weight by the 
of 4cru-silk is only 2—5 %. Ecru silk is hard, can only be used when dyed dark 
shades, and is not used on a large scale. . 

Besides the genuine silk the so-called wild silk or Tussore silk (Tasar siiK) 
is also used ; it is spun by the caterpillar of the butterfly Antheraea mylitta, as a 
lustrous bright brown colour, is thicker than the fibres of genuine silk, ant 1 
very durable. , , 4 . qa 0 / 

The average amount of water in silk is 11 %; as it can absorb up to o /o 
of its weight without appearing wet the estimation of the water is 0 
greatest importance in the silk trade This is carried out in the so-calle co 
ditioning apparatus; in all the more important places where silk is wo 
there are institutes which carry out the estimation of water m silk (as 
as in wool) by means of special apparatus. 

Silk, artificial. That which is now known as artificial silk usually consists 
of cellulose or cellulose derivatives; it is in reality more closely reiatea 
cotton than to silk, which consists of fibroin, an albumoid. c 

Thiblb oistinguishes the following classes of substances, the solut 
which are used For the preparation of artificial fibres: 

») The soap baths saturated with silk size are called „boiIed-off baths , 
find large employment in silk dyeing. 
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1 . The different nitrocelluloses, partly mixed with resins, oils, fish-glue &c 

iii\ various suitable solvents (collodion silk). a » • 

2. The esters of ceUulose with organic acids especially with acetic acid 
(acetate silks). 

3. Cellulose xanthogenate (viscose silk). 

4. Solution of cellulose in ammoniacal copper oxide. 

5. Solution of cellulose in zinc chloride. 

6. Solutions of cellulose in sulphuric acid and phosphoric acid. 

7. Solution of acid cellulose in NaOH. 

8. Solutions which contain no cellulose or cellulose derivatives as a basis. 

The oldest kind of so-called artificial silk is collodion silk; the discoverer 

ia Chardonnel. According to his patent, which is protected by Germ. 
Pat. 56331 and 81599, pure cotton is nitrated to tri or tetranitrocellulose 
(pyroxylme); the nitrated cotton is dissolved in a mixture of 60% ether 
and 40 % alcohol, — it has been proved that nitrocellulose with 25 % H-O 
dissolves much more readily in ether-alcohol than dry cellulose. The resulting 
collodion solution (15 — 20 %) ia brought into a closed copper vessel out of 
which the viscous collodion is pre.ssea under high pressure through narrow 
glass tubes (capillaries) ; the fibre passes out under water and is there 
stretched, by means of suitable arrangements, to the thickness of natural silk. 
Ihe collodion here becomes harder and harder as the solvent is absorbed by 
the water; this hardening and abstraction takes place the more quickly, 
the thinner the thread is. The drawn-out silk threads are continually wound 
on a winder, and after a certain number of revolutions taken off and dried. 
After drying it is washed, twisted and finally denitrated. 

The denitrating (see “Denitration'') lessens the inflammability of the 
collodion silk to a very great extent, and is of practical importance. Before 
a method had been found for denitrating nitrocellulose silk this product 
w^ much too inflammable and explosive to find its way into commerce. 

The dcnitratioii is carried out according to Germ. Pat. 56655 with ammonium 
sulphide (ammonium sulphhydrate) or other alkali sulphhydrates, according 
to (xcrm. Pat. 125392 by means of a hydrochloric acid solution of cuprous 
chloride, according to Germ. Pat. 139442 with an ammoniacal copper chloride 
solution, and according to Germ. Pat. 139899 by means of solutions of cuprous 
^Its in alkali chlorides ; other denitrating processes are of less importance, 
lo render artificial silk non-combustible it has also been soaked in ammonium 
phosphate solution. 

the improvements on the subject of the manufacture of nitro- 
cellulose silk may be mentioned Germ. Pat. 135316, according to which a 
niixture of acetone, acetic acid, and amyl alcohol is employed for dissolving 
nitrocellulose. The transparency of the product obtained from the solution 
IS said to be caused by the amyl alcohol. The following proportions are given: 
^ Uccm acetone, 310ccm amyl alcohol, 150ccm acetic acid, to bring 200 g 
solution. According to Amer. Pat. 699155 pyroxyline 
is ^ f employed but a product with 6 — 10 % HgO; this 

stable if kept in a cool place. Lehner’s artificial silk belongs 
fo this class. It is protected by Germ. Pats. 55949, 58508, 82555 &c. For 
see also Germ. Pat. 168173, 171639, 171752 and French Pats. 
'161^690, 361960 and 372889. 

^ hortly after the collodion silk was discovered cellulose silk also began to 
I Manufactured. (Thiele silk) As a solvent for qellulose ammonia copperoxide 
uSa was principally employed (Germ. Pat. 98642, 109996, 119098, 

wooli |1^836, 118837, 119230, 121429, 121430). Pure cellulose (cotton 
furth from fat, and then dissolved in ammoniacal copper oxide. The 

8urr ^^®atment is the same as with the pyroxylinesolution,only that the vessel 

funding the capillaries is filled not with HjO, but with dilute acid which 
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dissolves Cu -f NHg and the fine cellulose thread separates out. According 
to Amer. Pat. 672946 the cellulose is dissolved in ammoniacal copper oxide 
in the presence of free copper hydroxide; the solution of the cellulose is accel- 
erated if this has been previously treated with strong caustic potash. 

The manufacture of cellulose silk has been subject to many improvements. 
In the first place Germ. Pat. 154507 and 157157 may be mentioned; according 
to these the concentrated ammoniacal copper oxide cellulose solution is allowed 
to enter through wide openings into a precipitating liquid which acts very slowly, 
and here drawn out to fine threads. Such liquids are water, ether, acetic ether 
benzene, chloroform, carbon tetrachloride, &c. ; over this liquid another ia 
poured which brings about a vigorous decomposition of the cellulose solution. 
The process is said to give a very fine and much firmer and more elastic thread 
than is obtained in other ways. 

Germ. Pat. 162866 protects a modification of the process of dissolving 
cellulose in ammoniacal copper oxide. French Pat. 347960 and Amer. Pat. 
779175 precipitate the cellulose from the copper oxide solution, not with 
acids, but on the contrary with alkalies. 

See also Germ. Pats. 169567, 173678, 174508, 175296 and supp. 185139, 
178942, 179772, 183153, 183557 and Supp. 187313, 184150, 185294, 186387, 
187263, French Pat. 373088, 373429, Amer. Pat. 806533. The process of 
French. Pat. 323475 is very interesting; it consists in dissolving acid cellulose 
(hydrated cellulose) in sodium hydroxide. The cotton is first treated with 
ten times the amount of H 2 SO 4 S. G. 1.55 and then the mass brought into a 
large volume of water, the resulting hydrated cellulose (vegetable parchment) 
is washed and dissolved in NaOH S. G. 1.12. The cellulose is precipitated 
from the solution with acids, and can then be spun in the known manner. 
If this process can be rendered practicable it will certainly be the cheapest 
for the production of artificial silk. 

Another kind of artificial silk is the so-called viscose silk, which is made 
according to Germ. Pat. 108511 from the soluble cellulose xanthogenate. The 
viscose possesses the property of dissolving in water to form a slimy liquid; 
for the manufacture of artificial silk this solution is pressed through capillaries, 
and the issuing threads pass into a solution of ammonium chloride. The 
viscose is here decomposed and a cellulose thread remains, but in order to 
finish the decomposition the strands must be further treated with boiling 
NH 4 CI solution. If the viscose is purified according to Germ. Pat. 133144 
before solution, the silk prepared from it is much more valuable. Sec also 
“Viscose"'. 

Also another kind of artificial silk is the so-called “acetate" silk, that is, 
cellulose acetate. For the preparation, see “Cellulose esters". As this 
product, unlike collodion silk, is non-combustible, and does not need to be 
denitrated, it has a much greater hardness. It is expected that the acetate 
silk, which has only recently been brought into commerce, will become 01 
great importance. 

Gelatine silk, also termed vandura silk, has not been introduced commer- 
cially : it is prepared according to Germ. Pat. 88225 from gelatine and form- 
aldehyde. . 

Various other processes for preparing artificial fibres have not obtained any 
importance, e. g. Germ. Pat. 148587, which takes as a starting point geia^ 
tinous vegetable substances (Agar-Agar, sea-weed, Irish moss, &c.) which ar 
soluble in hot water, and insoluble in cold HjO. . i 

Some modem investigations are not without interest. Fibres are 
from an alkaline solution of caseine, another solution forced in j 

into an acid liquid (Germ. Pat. 170051, suppl. Germ. Pat. 178985 a 
Germ. Pat. 182574). Another process due to the same inventor is the mrc s 
of a solution of caseine in Zn Cl, into a bath in which the fibre is harden 
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Artificial silk is hardly inferior in beauty to natural silk; it can also be 
dyed with excellent results. On the other hand, its firmness and durability 
are, up to the present, much less than those of natural silk. 

In the same way stronger spun-fibres, &c. have been prepared, thus for 
instance artificial horse hair is now bein^ more and more brought into notice : 
it is made according to Germ. Pat. 125309. The Germ. Pat. 129420 is a newer 
process with the same object ; according to this threads of cellulose or cellulose 
derivatives are drawn through suitable solvents in which the single fibres 
of the thread are so softened or dissolved that they unite together to a single 
perfectly homogenous thread with a smooth and polished surface. This thread 
is then drawn through suitable solidifying solutions or allowed to harden in 
the air. See also Germ. Pat. 181784 and 186766 and Amer. Pat. 856857. 

Finally it may be mentioned that cellulose threads have also been used as 
artificial human hair (for wigs) for this purpose. The threads have only one 
fault, they have too much lustre. This drawback is removed by several pro- 
cesses (Germ. Pat. 129420 and 137461.) 

The preparation of artificial hemp bast by steeping these fibres in collodion, 
viscose or dissolved cellulose to which substances such as heavy spar, chalk 
zinc white are added is protected by Germ. Pat. 184510. 


According to E. Herzog artificial silk finds its chief employment in the 
trimming and lace industry for the preparation of glittering braids, lace 
and borders for ladies’ clothing. 

While these articles up to about 4 — 5 years ago were prepared exclusively 
on the plaiting machines, bands are now manufactured in great quantities 
from artificial silk on the Jacquard weaving looms. Further, insertions are 
manufactured from artificial silk which, sewed together with silk bands or 
strips, ^eld stuffs for blouses, ladies clothes, ties and wearing apparel gene- 
rally. The manufacture of carpets and decorative furniture stuns from arti- 
ficial silk appears to have a very promising future. Comparing such stuffs 
with real silk, artificial silk possesses, the advantage of being readily 
freed from adhering dust. The latest industrial use of artificial silk is the 
preparation of incandescent lighting mantles. These are said to be more elastic 
and to possess a greater and longer incandescent power than the others. 

The production of artificial silk in 1905 amounted to more than 1 million 
kg representing a value of at least 1% millions sterling. The present value is 
probably about 2% millions. 

Test. The methods for detecting the presence of artificial silk in textures 
are becoming increasingly important. One of the most certain methods for 
distinguishing artificial silk from natural silk or from mercerized cotton in 
the texture is the following. The stuff to be tested is heated for 10 minutes 
to 200®. After this time the artificial silk is still intact as far as the structure 
18 concerned, but is completely carbonized, so that it falls to pieces on being 
touched. Cotton, wool, and natural silk remain on the other hand unaltered 
and show hardly any traee of a brown or black colour. If the heated cloth 
18 rubbed after it has cooled sufficiently, the artificial silk is removed as dust, 
and by comparing with another piece of the original cloth it can be ex^tly 
determined which and how many threads consist of artificial silk. Single 
arUficial silk effect threads, can be detected with great certainty in this manner, 
and infallibly distinguished from natural silk. 

According to A. Herzog the polarisation microscope may be used for dis- 

.[{Snishing natural from artificial silk. When seen under this, dyed natural 
8ilk does not appear dichroic. Coloured cellulose artificial silks are on the other 

Q-nd strongly dichroic, especially those which are dyed with congo red, benzo- 
a-zunne, or methylene blue. 
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Silk dyeing. The affinity of the animal fibres for most of the dyes is much 
greater than that of cotton for the same dyes. The information given under 
“Wool dyeing’* applies generally speaking to silk. Apart from that, we 
must here mention the “chevilling’ and the “lustreing”, two operations 
which are only used in silk dyeing. ’ 

The dyed silk strands are chevilled to give them an increased softness and 
a certain ^handle”. For this purpose the strands are hung over a smoothly 
polished post (cheville) on the wall, then stretched and wound continuously 
by means of a similarly smoothly polished stick, the point of suspension 
of the strands being thus frequently changed. Of late years more of the work 
is being done by chevilling maching (glossing machines). Here the strands 
pass between several rows of revolving rollers; these rollers, apart from 
turning round on their axes, have also an up and down and a horizontal motion, 
so that the strands are turned and wound under equal tension. 

Lustreing has the object of increasing the shine of the dyed silk and of 
stretching curly fibres. In the lustreing machines rollers come into play and 
work up the strands, but these are in a closed case with the rollers into which 
steam passes during the operation. 

Everything else with regard to silk dyeing corresponds, as said before, 
to wool dyeing. The mordanting of the silk is carried out similarly to that of 
wool, only high temperatures are avoided: Metallic salt solutions, with 
which the silk is treated to mordant it, do not require (as in wool dyeing) 
high temperatures, but rather decompose by simply washing with water, in 
which operation the hydroxide or basic salt is fixed on the silk fibre. 

By tins process silk becomes heavier. This extra weight is, when carried 
to excess, an adulteration, but it has become a custom sanedioned 
by time. 

A certain extra weight must of course result as soon as the silk is dyed with 
the help of the important metallic mordants. It was at first only intended 
to replace the loss suffered by the silk when the gum was removed. This was 
quite successful in the case of black silk as the dyeing with log-wood rendered 
the employment of heavy metallic mordants necessary. Finally step by step 
stronger mordants were used, the mordanting repeated several times, &( ., 
and in the end an increase in weight was attained which more than com- 
pensated for the loss of weight due to the removal of the gum. 

It was, however, much more difficult to bring about an increase in weight 
in^^the case of bright coloured silks. Finally it was suggested that the silk 
after dyeing should be dipped into sugar solution, whidi not only caused a 
direct increase in weight but also imparted to the silk the capability of ab- 
sorbing more moisture from the air. Nowadays “Weighting” by means of 
sugar IS being gradually replaced by treatment with tannic acid, which is 
carried out simultaneously with the dyeing. In this way an increase in weight 
of 1 5 — 20%of weight of silk is attained without any loss of the other properties. 
To attain a greater increase in weight tannic acid is combined with a inetallic 
salt, especially a tin salt, and the greatest increase in weight is attained oy 
using tin compounds alone, at the cost, however, of the durability. 
chloride and sodium phosphate are used, an increase in weight of 100 — 300 /o 
can be attained. 

Silicides. Silicon ((q. v.) combines when heated in the electric furnace with 
many metals to form silicides which are in various respects very similar 
carbides (q. v.). Silicides are distinguished by their special hardness, a featur 
which should provide a wide industrial field. The follow^ m^ be j 

chromium silicide SiCrj, manganese silicide SiMn^, iron silicide SiFoj and 
silicide SiCu^. Silicides are produced partly by fusing the respective nieia 
with silicon m the electric furnace, partly by heating mixtures of silica, m®' 
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taiiic oxides and carbon. It is worth noting that silicon frequently combines 
with metals at a temperature below the fusion point of either. 

Silicon carbide, see “Carborundum*'. 

Silicon. Si. Atomic weight = 28.21. The element which next to 0 forms 
the greatest part of the earth’s crust, never occurs in the free state, always 
cither as SiOg (see “Silicon Compounds”) or in the form of silicates. The 
element itself may be obtained by reducing SiOg dust with magnesium powder 
and extracting with acids. In this way the product is an amorphous, dark 
brown, loose powder which ignites in contact with the air. Crystalline (dia- 
mond-like) Si is obtained by heating potassium silicofluoride KgSiFg with Al, 
or by placing a mixture of 15 pts. NagSiFg, 20 parts granulated Zn and 4 parts 
Na in a red hot fireclay crucible, or by reducing quartz with charcoal, CaO and 
Mn 304 in the electric furnace; the reaction mixture is freed from foreign 
substances by extraction with HCl and HF. According to Amer. Pat. 732410 
Si is obtained from aluminium silicates (e. g. common clay), by mixing with 
powdered metallic Al and subjecting the mixture to high temperatures in 
electric or other furnaces; the product is Si and an aluminium oxide slag. 
According to Germ. Pat. 147871 crystalline Si is obtained by igniting a mixture 
of an oxygen compound of silicon with aluminium powder and sulphur: 
The mixture begins to burn, and aluminium sulphide is formed. This fuses 
and Si is found imbedded in the melt; it is obtained by decomposing the 
AlgSij with HgO. 

Crystalline Si forms bright black leave8’’or hard and brittle octahedra which 
remain unchanged in air though it is converted into SiOg by the action of 
COg. Insoluble in acids, soluble in hot concentrated potash lyc and soda lye. 

Silicon is chiefly used in alloys with Cu, Sn and Zng as silicon bronze (see 
“Bronzes”) ; Si is added to the bronze in the form of aluminium silicide 
or copper silicide. The former is produced directly by the electrolysis of 
aluminium silicate, the latter by fusion of Cu with SiOg and NaCl, 

Silicon compounds. 

1. Silicon dioxide. SiOg, also called silicic acid, occurs naturally as quartz 
and tridymite, amorphous as opal; quartz is the most important and most 
widely distributed form. SiOg in crystals is prepared artificially by decom- 
posing glass and other silicates with HgO under pressure at a temperature 
of 300—4000 C; amorphous SiOg by heating silicates to a very high degree. For 
vessels of fused silica, see “Quartz glass”. 

Silicic acid itself is obtained by evaporating the solution of sodium silicate 
(or potassium silicate) withHCl,and treating the residue withHgO.Thc product 
is a jelly-like precipitate. , . -v n m 

2. Silicon fluorides. Especially important is sodium silico-fluOTide 
Na 2 SiFg. It may be prepared by saturating HgSiFg with NaOH or NagCOg, 
or from common salt and HgSiFg. Recently large quantities have been ob- 
tained as by-products in the manufacture of superphosphates. 

3. vSiLicoN Bronze, see “Bronzes.” 

4. SiijcoN Carbide, see “Carborundum”. 

5. Silicide, copper, see “Silicon”. 

6. Ferrosilicon, see “Iron Alloys”. 

7 . Silicates see under respective metallic compounds ; Waterglass, see 
special article. 


Siline, A compound of hexamethylenetetramine, citric and silicic acids. 
Gsed in cases of uric acid troubles. 
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Siloxicon. An automatically hardening fire-proof material which resists 
the action of alkalies and acids, insoluble m molten iron and slag. It is used 
to make fire-proof bricks, muffles, pipes, crucibles, furnace linings, &c. The 
composition is approximately SigCjO. It is made, according to Amer. Pats. 722902 
and 722903 by heating powdered silica with a small amount of carbon in 
electric furnaces. The amount of carbon must be less than that used in pro- 
ducing carborundum (q. v.). 

Silver. Ag. A. W. = 107.93. It is usually found native. The most im- 
portant ores are silver glance, AggS; copper silver glance, AgjS . CugSi; anti- 
mony silver blende SbgSg . SAggS and SbgSj . 3 Ag«S; arsenic silver blende, 
AsgSg . AggS ; polybasite AsgSg . 9 (Agg -f Cng) S and horn silver AgCl. Silver 
is also obtained from fahl ore (particularly from antimony fahl ore). 

Silver is obtained by dry or wet methods, frequently by a combination 
of the two. 

Formerly the only dry method employed was that involving the use of 
lead; now, however, the amalgamation process and in particular the extraction 
process are widely used. 

In working silver ores by the dry method the ores are melted with Pb or 
PbO. The silver in the compound is replaced by lead (AggS + Pb = PbS -f 
2 Ag) and remains dissolved in the excess. A work-lead containing silver is thus 
obtained. If the lead is rich in silver it is submitted to the process or ciipell- 
ation. This consists in exposing the fused alloy to a current of oxidizing gases, 
the temperature being constantly raised. The whole of the lead is oxidized 
to PbO which accumulates and finally runs off from the silver which appears 
bright (flashes). The silver is finally remelted in a porous muffle when the 
oxidized impurities are absorbed by the muffle. 

If the work-lead is poor in silver it is first subjected to the Pattinson 
process. This process consists in melting the alloy in iron pots and cooling 
slowly. Practically pure lead first crystallizes and can be readily removed 
from the more easily fusible and still liquid Pb — Ag alloy. The latter which 
is now richer in silver is again melted and the above process repeated. Very 
pure lead is obtained on the one hand and an alloy rich in silver on the other. 
A modification of this is the Parkbs process. To the fused alloy (at 450°) 
zinc is added and the molten mass well stirred. A layer of zinc containing ah 
the silver and a little lead rises to the surface on cooling and can then be easiljr 
separated. The Ag — Pb — Zn alloy is subjected to cupellation. Various modi- 
fications of these processes have been introduced. 

The amalgamation process depends upon the formation of a silver amalgam 
with mercury. It is well adapted to certain kinds of ore. The native silver 
of the ore combines directly with the mercury while the silver compounds 
must be first reduced to the metallic state. The ore is roasted with NaCl 
and the Ag Cl reduced with iron : 2 .^Cl -f- Fe = FeClg -f Ag Hg is then 
added which takes up all the silver. The amalgam is heated in retorts, the 
mercury distils over and metallic silver in left. 

In the extraction process a method similar to that used in the preparation 
of copper is adopted (see “Copper”). The Ag ore is either roasted witn 
alkali chlorides when AgCl is formed, or it is roasted and heated with HgSOi 
with formation of AgoS 04 . The AgCl is dissolved in NaCl solution or the 
Ag 2 S 04 in water and from these solutions the Ag is precipitated with copper 
(cf. “Gold”). Hyposulphites are also used for the extraction of silver, an 
quite recently the cyanide process as used in the metallurgy of gold has been 
sucessfuUy adopted. - 

Copper is now de-silverized by an electrolytic process (for the Moebi 
method see Gold). Amer. Pat. 795887 protects a method for the electroly le 
refining of bismuth containing Ag. 
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Silver is a pure white metal, very ductile and the best conductor of heat 
ftnd electricity. S. G. 10.4 to 10.6. M. P. 968°. It can be distilled in the oxy- 
hydrogen flame. The vapour is of a blue colour. Pure fused silver absorbs 
20 times its volume of oxygen from the air. This is given off on cooling 
(‘spitting'). 

Silver has recently been obtained in a water-soluble form, or more correctly, 
in the colloidal state. (See Colloidal substances) . In addition to the methods 
there described the method of Kuespert may be mentioned (Ber. d. deutsch. 
chem. Ges. 36, 4066 and 4070). 

According to this method reddish-brown solutions of colloidal silver may be 
obtained by adding a solution ofAgNOs to a concentrated solution of water-glass 
containing formaldehyde. Olive-green to pale-green colloidal solutions may 
be prepared from dilute AgNOg solutions by first neutralizing with NaoCOg 
and then adding hydrazine hydrate (1 : 2000). With the help of lysalbinic 
and protalbinic acids collodial silver may also be obtained. 

For the use of colloidal silver as a medicament see, “Collarqol'*. 

Ag quickly becomes coated with a brown film of AggS when exposed to 
an atmosphere containing Ho S. It is readily soluble in dilute HNOg. On account 
of its softness it is only used in the pure state for making chemical apparatus 
crucibles, dishes, &c.) 

See also Plating, Silver alloys, Silver plating. 

For oxidized silver, see “Metals, colouring of‘. 


Silver : 

Johnson, Mathey A Co. Ld., Hatton Garden, London E.C. (see advt.). 

Silver alloys. 

On account of its softness silver is always alloyed, usually with copper. 
For English coinage the alloy has a fineness of 926, i. e. it contains 92,5 % Ag, 
7,5 % CJu. In Germany the fineness is 900. 

Silver of a fineness 900 is used almost universally for medals, ornaments, &c. 
The percentage of copper is often greater when the metal has to be cast. 
Alloys containing 50 % of copper are fairly white, but have a reddish tinge. 
Such alloys are given a thin white coating by first heating in the air and 
then dissolving the coating of CuO formed in a solution of NaCl and cream 
of tartar. 

Silver does not alloy very readily with copper, nor does the addition of this 
metal do away entirely with the property of “spitting**. An addition of 
varying amounts of Zn and Cd is made to prevent “spitting**. 

In order to give a silver -white colour to alloys containing much copper, 
aluminium and nickel {„8ee Nickel alloys“) are added. 

Silver compounds. 

1. Silver chloride. AgCl. Occurs native as horn silver. Prepared by 
precipitating AgNO- solution with HCl or NaCl. When washed and dried 
it appears as a white amorphous powder insoluble in HjO, HNOg and HCl, 
soluble in NHg, turning black by reduction when exposed to the light. It 
melts at 260° solidifying as a colourless, homy mass (horn silver). 

. 2. Silver Iodide. Agl. Occurs native as iodargyrite. Prepared by preci- 
pitating AgNOg solutions with HI or alkali iodides. A pale yellow powder 
msoluble in water and dilute acids, soluble with difficulty in NHg, readily 
soluble in concentrated KI solution. 

It melts on heating and solidifies to a pale -yellow homy mass. 

3. Silver Nitrate, see “Lunar caustic**. 

4. Silver sulphate. AgoSO.. Obtained by heating silver filings, or reduced 
silver (from AgCl and Zn -f HCl) with H.SO- and evaporating until the solution 

crystallizes. 
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Small, colourless, shining crystals, soluble in 200 parts of water (at I 50 ) 
in 70 parts H^O (at 100°), more readily soluble in water acidified withHNo' 
or H 2 SO 4 . • 

Silver compounds: 

Johnson, Mathey & Co. Ld., Hatton Garden, London E.C. (see advt.). 

Silver nitrate: 

Johnson’s, Cross St., Finsbury, London. 

Silver Plating. Plating by heat (cf. Gilding) has now but little importance. 
Electroplating (q. v.) is the most important method. Solutions of AgCN in 
excess of KCN. 

Silver baths ^). No. 1 is for ordinary plating, No. 11 for heavy plating with 
a battery. No. Ill for heavy plating with a dynamo. 




I 

II 

III 


Silver nitrate 


170 

340 

425 

grammes 

In distilled water 
Add a solution of 

pure (99%) 

5 

5 

5 

litres 

KCN 

260 

520 

650 

grammes 

In distilled water 


5 

5 

5 

litres 

The bath contains 

per litre . . 

10.8 

21.6 

27 

grammes 


Silver foil is used for the anodes. Current 0.25 — 0.35 amp. per sq. dm at 
0.5 to 0.75 volts. For new baths to every 10 litres a solution of 20 g potassium 
formate, 4 g ammonia (S. G. 0.96) in 100 g dist. water is added. 

Copper articles should first be quicked", i. e. dipped in a 0.1 — 0.2 % 
solution of HgNOg. This is particularly necessary where heavy plating is to 
be done. Articles of iron, steel, nickel, tin, Britannia metal and lead are first 
coated with Cu and then silvered (sometimes after a previous “quicking". 

Silver plating: 

Cannings. Great Hampton St., Birmingham. 

Siroline. A liquid medicament, consisting of 10 parts Thiocoll (q. v.) 
in 140 parts orange syrup. 

Given internally for whooping cough, colds, lung diseases &c. 

Slags. Glass -or enamel -like residues occurring in most ore smelting processes. 
As a rule they are compounds of SiOj with various bases (silicate slags), or 
metallic oxides containing smaller quantities of SiOg. The formation of 
the slag protects the metals formed by reducing processes in the smelting, 
from further oxidation. 

Slags are utilized in various ways, the structure, hardness, &c. being of 
importance. Acid slags (containing much SiOg) are made into bricks (small 
pieces of these slags are mixed with slaked lime and moulded into bricks;) 
powdered slag is used instead of sand for making mortar, also in iron foundries 
for making moulds and finally also in glass works. Blast furnace slag (see 
“Pig Iron*") is used to make cement, putty, alum, and as a manure. 

Slag wool, formerly much used as a non-conductor of heat and obtamed 
by blowing air or superheated steam into the molten slag is rarely 
factured now. The slag used had to be blast furnace slag and to contam httie 
basic substance. The result was a fine thread-like soft mass, like cotton woo . 

Thomas -slag, important as a manure, is obtained in the Bessemer proces . 
The methods of using Thomas-slag for preparing manures is treated un c 
“Manures, Artificial”. 

Steinach and Buchner, Die galvanischen Metallniederschlage. 
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Smalt see “Cobalt Colours^. 

Soap (Sapo). The fats and oils are glycerides of fatty acids which are de- 
mposcd by the action of caustic alkali into glycerine (q. v.) and the cor- 
Ending salts of the fatty acids ; the salts of fatty acids are termed soap 
^nd the Vocess of decomposing the fats into glycerine and soap is 
Lown as “saponification”. Thus the saponification of the real stearine — 
the glyceride of stearic acid (technically very often simply called stearine) 
_ takes place according to the following equation: — 

C3H5(CigH 350.2)3 “h 3 NaOH = 3Ci3H350.2Na -j- C3H5 (OH)3 
Stearine Caustic soda Sodium stearate Glycerine. 


The potassium soaps are the easiest to make, sodium soaps are 
somewhat harder, wMle those of lime, baryta, lead oxide, &c. are much 
more difficult. In saponification the concentration of the lye plays an 
important part; usually the caustic alkali must contain some alkali carbonate 
in order to ensure complete saponification. On the other hand the carbonate 
by itself is not sufficient. 

For the manufacture of soap, cocoanut oil, palm oil, palmkernel oil, suet, 
wood oil, sesame oil, earth-nut oil, cotton oil, linseed oil, blubber, hemp oil, 
and oleic acid are used; the last is a by-product in the manufacture of stearic 
acid. Pine resin is used as an addition; soaps from pure resin do not become 
hard but on the other hand they cannot be used as soft soaps. The lyes are 
prepeWd partly by dissolving NaOH or KOH in H.2O; Na2C03 or K2CO3 
solutions are also prepared and the soda (or potash) decomposed with 
the help of caustic lime. A little less lime is added than the amount required 
to convert the carbonate into caustic alkali, so that a small amount of car- 
bonate is still present, as this has a favourable influence on the formatiem 
of soap. The different fats require approximately equal amounts of alkali, 
13 . 5—15 parts NaOH or 19—21 parts KOH being mixed with 100 parts of fat. 

The saponification is brought about either by gently boiling in an iron 
boiler over a free fire, or by means of steam heating. 

Of late years the so-called carbonate saponification has become of greater 
importance. The fats are first decomposed in digesters (see ‘ Tatty acids ), 
and the resulting fatty acids neutralized — not with caustic alkali but with 
alkali carbonate^ that is, with Na2C03 or K2CO3. The carbonate sapomfi- 
cation is more convenient and cheaper, and at the same time allows the glyce- 
rine to be used. . . „ , . 1 • 

The process of the fermentative decomposition of fat is qm^ new and is 
perhaps destined to revolutionize the whole soap industry. For fuller in- 
lormation about this fermentative fat decomposition, also called rat de- 


composition by Enzymes”, see “Fatty acids . ^ 

In the modern soap industry efforts seem to be directed towards removing 
the glycerine from the fats before converting them into soap that is to sepa- 
rate them into fatty acid and glycerine, to separate the latter, and tiien 
neutralize the acid. The interesting process of Kbebitz (Germ. rat. loolU ) 
is based on this principle; The fats arc mixed at 100 “ with slaked lime and 
HjO when glycerme water and insoluble loose lime soaps arc formed. Instep 
of the lime other oxides which form insoluble soaps can be us^. 1 he lime 
soaps are crushed, lixiviated again with hot water to obtain tiegy i 
Mil finally boiled directly with soda solution; CaCOa is precipitated and a 

Anally* t°he TC^lfar fat decomposing process of 
mentioned, dere the fat is decomposed by boiling m 
steam with the addition of a fat decomposing agent discovered by the m 
ventor; this agent is, according to investigations, benzene s p 

C,H,(HSOa)(CaaHaA)- 
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Soap, 


When the saponification process is finished the soap mass is allow 
solidify in large cooling boxes (moulds); instead of the wooden mo 
formerly used, which could be taken to pieces, cast iron ones — which can ^ 
be taken to pieces are coming more into use. The soap blocks thus obtaiS 
are cut into oars with steel wire; this is now, however, usually carried out witl 
suitable cutting machines. Further, kneading presses and mouldinfl 
presses are in use, and serve for the manufacture of fine toilet soaps. Fo*? 
this purpose a good ground soap mass is crushed, ground further in so-callcd 
„pilier“ machines, mixed with perfume and dyes, brought into the kncadinif 
press, where it is strongly pressed and then brought into the required form in 
the moulding press. 

The details of soap manufacture are very numerous and vary 
according to the nature of the product to be prepared. 

The best soaps are the grain soaps; especially the tallow grain soaps. 
They are prepared by saponifying with pure NaOH, adding ordinary salt 
until the soap is obtained in a flaky state ; it is then further boiled until the 
soap runs together, and is finally allowed to solidify in moulds. The (^oncen 
tration of the lye, the method of boiling, &c,are of particular importance. If tho 
mass which has been poured hot into the moulds is stirred until it begins to 
solidify homogeneous soaps are obtained, while if allowed to stand without 
stirring “mottling” takes place (through the impurities present). By adding' 
dyes the mottling can be increased. To avoid mottling and at the same tinn^ 
to remove the impurities the grain soap is polished, that is, after it has boiled 
clear a little more HgO or l^OH is added: with this amount of water, if 
allowed to cool slowly, thepalmitine and stearino soaps crystallize out from the 
oleine soap which retains the impurities. Apart from tallow, sesame oil, palm oi], 
cotton oil, and olive oil are worked up into grain. The Marseilles soap 
is well known, and is used in silk dyeing; this soap is also known under the 
names olive oil grain soap, Spanish soap, and Venetian soap. Further, grain 
soap is also prepared in large quantities with the addition of resin because tlie 
resinous grain soaps are cheap, can be readily saponified, and lather well. 
Palm oil can be very easily saponified, and for this reason the manufaeturc 
of palm oil grain soaps is becoming more important. 

The grain soaps are alkali salts of fatty acids from which the other con- 
stituents have been removed, while the filled soaps comprise the whole contents 
of the boiler; they contain besides the real soap also the other components. 
Filled soaps are weighted on a very large scale, alkali carbonates, talc, clay, 
cryolite, flour or water-glass being employed for this purpose. The filled soiq)s 
are nearly always prepared from cocoa nut oil which can be readily saponified 
but only with strong lyes. It yields a soap which combines with 50 — 70%H20 
without in any way losing its hardness. The half-grain soaps stand betw cen 
the grain soaps and filled soaps, and are also termed Eschweger soaps. They 
show good marbling, and are hard and dry, but also contain a large amount 
of water; they can only be prepared with the help of cocoa-nut oil or palm 
nut oil. They can be made by boiling a filled soap made from the latter oil 
and adding this to a grain soap obtained from talmw. This indirect nuthoa 
yields a very good article, but a more convenient and direct method is to bon 
tallow, &c. together with cocoa nut oil or palm oil; the direct method is used 
exclusively for earth-nut oil, linseed oil, oleine, and cotton oil. When the soap 
mass is well set waterglass is added. 

Sodium soaps can be made entirely in the cold from cocoa-nut oil as w cll as 
from palm nut oil if concentrated NaOH (38® B4.) be employed. The saponn 
fication takes place afterwards in the mould on account of spontaneous 
heating. In this process a certain percentage of fats saponifiable only^'u^' 
difficulty such as dripping, tallow, olive oil, &c., can be added to the mas , 
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and these also take part in the saponification. In this way white solid soaps 
are obtained which can be used as cheap toilet soaps. 

The potassium soaps (soft soaps) are greasy, soft, and ointment-like. 
For their preparation, linseed oil, sesame oil, rape oil, earth-nut oil, cotton oil, 
tallow, palm oil, and oleine, are employed. The smooth transparent soft soaps 
(black, brown, and green crown soaps) are usually manufactured from linseed 
oil with KOH (KaCOg lye treated with lime), but a certain amount of NaOH 
is always added to prevent the product from becoming quite liquid in summer. 
A certain percentage of carbonate must also be present in the lye. 

Corn soap is the best soft soap and is prepared from mixtures of lard and 
soft fats or oils with pure potash solution; the former yield the com, while 
the latter form the clear ground soap. Unless carbonate is present in the lye 
corn soap cannot be obtained. 

Finally silver soap (elain soap) is a smooth soft soap resembling mother of 
pearl, which is prepared from cotton oil with the addition of tallow, pigs' 
lard, palm oil, &c. The peculiar appearance is caused by the fact that 20 to 
30 % of soda lye (of 25<^ B6) are added to the boiling potash lye. The resulting 
sodium soap forms white shining stripes in the potassium oil soap. 

See also “Metal soaps", “Fatty acids”, “Formalin soaps", “Soap 
powder", &c. 


1’est. Testing is very important on account of the numerous adulterations. 
The following table (p. 612) by Leeds gives a summary of the methods 
of testing: 

To complete the table the following may be said: — 

For the water determination a small dish provided with a glass rod and 
about 1/3 full of sand which has been previously heated is weighed, about 
5 -lOg of finely scraped soap added, weighed, then heated and frequently 
stirred in a drying oven at first for some time at 60 — 70® and then, when melting 
and the formation of a skin need no longer be feared, to 110®. The extraction 
with petroleum ether is carried out in aSoxHLET’a apparatus. For the determin- 
ation of the fatty acids and resin the soap is boiled with excess of acid until 
the precipitated fatty acids swim above in a perfectly clear layer. After 
cooling, the solidified cake is twice broken through with a glass rod and the 
lifpiid poured off. The fatty acids can be purified by remelting with water, 
after which the cake is removed and dried. The percentage of fatty acid found, 
niiuus 3.25 %, gives fairly accurately the percentages of fatty acid anhydrides 

The combined alkali is usually calculated to NagO (when only small amounts 
of potash are present) and with soft soaps the process is analogous. 

For fuller information see Lunge, Chemisch-technische Untersuchungs- 
mothoden, Bd. Ill, 1900“, and Dammer, „Handbuch der chemischen Techno- 
^ 10 , Bd. Ill, Stuttgart 1896. 

Machines for making soap: 

Werner Pfloiderer & Perkina Ld., Peterborough. 

Complete soap-plants: 

Krnost Scott & Co., 2 Talbot Court, London E.C. 

Soap Cooling apparatus: 

Harzor* Co., Finsbury Pavement House London EC. 

Toilet soap manufacturing machines: 

Lehmann, Dresden-A. 28, Germany (see front part advt.). 


hoap colours. For half ^rain soaps the following colours are used : For grey, 
no animal charcoal or Frankfurt Black ; ultramarine for blue, English red, 
Joius marble red or cinnabar for red. The same colours (and manganese 
loxide) are used for mottling grain soaps. Filled soaps are dyed yellow with 


39 * 
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For the determination of the amount of water 6 g of soap are dried at 110°. 
After being weighed it is extracted with petroleum ether. 

The residue consisting of soap, glycerine, mineral matter, Ac., 
is treated with absolute alcohol. 


The solution contains soap, glycerine, and 
free alkali whioh is determined by titrating 
with normal H2SO4 after the addition of 
phenolphthalein. 

After the addition of a largo amount of 
water and evaporation of the alcohol, the 
soap is decomposed by a measured amount 
(an excess) of boiling normal H2SO4, then 
filtered and washed. 


The residue (soda, ordinary salt, 
sodium sulphate, waterglass, borax, 
starch, insoluble substances, &c.) is 
treated with 60 ccm H.O. 


The filtrate — 
glycerine and 
alkali combin- 
od with fatty 
acid is titrat- 
I ed back with 
normal soda 
solution 


The filtrate is di- 
vided into 4 parts. 


The remainder containing 
fatty acids and resin is 
dried at 110° and weighed. 
An aliquot part is dissolved 
in 20 ccm strong alcohol, 
and after the addition of 
phenolphthaloin saponified 
with a slight excess of 
boiling soda. On cooling 
it is made up with ether 
to 110 ccrn treated with 
finely powdered silver ni- 
trate, shaken 10 minutes, 
and allowed to settle. 

- The solution contain- 
•g ing the salt of the 
© resinous acid is half 
00 filtered, decomposed 
with 20 ccm hydro- 
2 chloric acid ( I ; 2), 

. and an aliquot part 
® ^ is dried — after the 
® evaporation of the 
— .2 solvent — in a weigh- 
*•3 od basin at 100® 
^ and then weighed. 
^ g (For every 10 ccm 
.3 .. solution 0.00235 g 
S J of dissolved oleic acid 
o g must be subtracted). 
^ H By subtracting the 
-2 ^ amount of resin 
.tS found from the 

.fr amount found above 
® of rosin and fatty 
^ acids the weight of 
^ the latter can be 
H found. 


In the re- 
mainder the 
starch is estim- 
ated by in- 
verting with 
acid, and de- 
termining the 
sugar with 
Fehling’s so- 
lution. After 
the amount of 
starch has 
been calcul- 
ated from this 
the difference 
gives the 
amount of 
insoluble sub- 
stance. If 
only starch 
is present be- 
side mineral 

components it 

maybe weigh- 
ed, then re- 
duced to ash, 
and weighed 
again. 


palm oil and resin, brown with caramel, while other colours are 
with the above mentioned substances. Soaps obtained by cold methods a _ 
dyed and mottled with water-soluble coal-tar colours. The latter have recen y 
been much used for boiled soaps. 
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Soap cresol, see “Crbsol soap”. 

Soap powder (Sapo pvlveratus). There are soap powders produced by 
grinding neutral soaps for toilet purposes, and also medical soap powders — 
specially pure soaps — , and soap powders used in laundries. The last are made 
from soap residues or crude alkaline soap with soda. 

Soapstone (Saponite, steatite). A hydrated magnesium silicate, a species 
of talc (q. V.) ; it is aniorphous, occurs in nut-, kidney- and ball-shaped clusters. 
Colour: grey, yellowish or greenish white. Soapstone has a fatty or soapy 
touch, may be cut and turned, becomes white when heated and is very hard 
at high temperatures. 

Soda, caustic. This is a product consisting chiefly of sodium hydroxide 
(caustic soda) NaOH, though as a rule containing more or less Na2C03. When 
caustic soda is to be obtained directly from crude soda the melt (see “Sodium 
carbonate”) is treated with more carbon at the beginning and washed with 
slightly warmer water (60® C) then usual and the less concentrated solutions 
tapped off. The simplest way of preparing caustic soda is from the red liquor 
obtained by washing crude soda (q. v.) ; these lyes contain considerable 
quantities of NaOH, so that they may be evaporated down directly and 
the separated salts removed so that only the NagS in the remaining caustic 
soda lye need bo destroyed. 

NaOH from fully prepared soda is produced by the use of Ca(OH)2 ; the soda 
lyes used, must, however, not be stronger than 11 — 13® B6, as otherwise the 
reaction will be incomplete. The soda lyes are treated with the lime at boiling 
point, the necessary motion being effected either by stirrers or air currents 
(Koerting’s injectors) ; in the latter case the greater part of the NagS is oxid- 
ized. The lime, placed in a sieve, is slaked in the solution itself. After the 
reaction the clear lye is removed, filtered through a suction filter and evapor- 
ated in pans (or in steam boilers). When a concentration of 38® B6 is reacted 
the lye is left to stand a while and then decanted from the separated salts 
(chiefly Na2S04 and NagCOJ. It then passes through clarifying vessels again 
and into the actual melting boilers where it is evaporated until it has a boiling 
point of 160® when the separated salts and mud are removed and boilii^ 
continued to a B. P. of 360®. Then the vessel is covered and the NagS still 
present, oxidized by gradually adding NaNOg in small quantities or injecting 
air for several hours. 

According to another (patented) method caustic soda is obtained by heating 
a mixture of pure soda with iron oxide in revolving ovens at a low red heat : 
CO2 escapes while sodium ferride remains. When washed with hot HjjO 
(80— 90®C) the sodium ferride decomposes, NaOH dissolves and Fe203 
remains behind; the latter is dried and re-introduced into the process. 

- The vessels used in evaporating caustic soda lyes are strongly attacked, 
this disadvantage is obviated by French Pat. 352076, which removes the 
^ater from the lyes at 180® C under reduced pressure; the substance becomes 
thick and solid and falls to a powder when stirred in a suitable manner. 

Oerm. Pat. 140605 dealing with the purification of NaCl solutions states 
hat the conversion of sodium sulphate into NaOH and CaS04 by means of 
9.rnck lime may be carried out on a commercially profitable scale when the 
raw materials act on each other in a solution of common salt. It is not im- 
possible that this process for the preparation of caustic soda will become 
iniportant. 

The electrolytical production of NaOH from sodium chloride has attained 
great importance. See “Chlorine-alkali process, electrolytical”. 
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Soda, caustic. 


Caustic soda is also said to be obtained by the electrolysis of aqueous so- 
lutions of sodium sulphate. For instance according to French Pat. 332510 
N^SO* solutions rendered caustic by the addition of lime are electrolyzed. 

Test. Great care must be taken in obtaining the sample; a crust (due to 
the absorption of HgO and CO^) may be present and must be scraped off before 
weighing. 

The examination as a rule only tests the total alkalinity, the caustic soda, 
and under certain circumstances, water, sodium chloride and sulphate. Tlie 
total is determined with standard hydrochloric acid and methyl orange in the 
cold, as in the test for soda; the results are also calculated like those of 
soda. See the table (Sodium carbonate ) , under Sodium compunds. 
The determination of NaOH is done in the way mentioned, i. e. by 
titration with HCl and methyl orange (or phenolphthaleine) after adding 
excess of BaCla- The water cannot be determined by direct heating in porcelain 
crucibles as losses are unavoidable. According to Lunge 5 g caustic soda are 
heated for several hours to 150® on a sand-bath in a small completely dry 
Erlenmeyer flask (height 14 — 15 cm; capacity about ^ 1). The flask with a 
funnel placed in the neck is weighed previously; the substance should 
cover the bottom of the flask as a thin layer. Finally the flask and funnel 
are allowed to cool on a marble slab and re-weighed. 

The other determinations are perfectly analogous to those used for exa- 
mining sodium carbonate (q. v.). 

The S. G. of solutions of pure caustic soda are given in the following table: 


S. G. 

De- 

grees 

B6 

0/ 

/o 

NajO 

o/ 

/o 

NaOH 

S. G. 

De- 

grees 

0/ 

/o 

Na,0 

*/0 

NaOII 

1.007 

1 

0.47 

0.61 

1.220 

26 

15.18 

19.58 

1.014 

2 

0.93 

1.20 

1.231 

27 

16.96 

20.59 

1.022 

3 

1.55 

2.00 

1.241 

28 

16.76 

21.42 

1.029 

4 

2.10 

2.71 

1.252 

29 

17.66 

22.04 

1.036 

5 

2.60 

3.35 

1.263 

30 

18.36 

23.67 

1.045 

6 

3.10 

4.00 

1.274 

31 

19.23 

24.81 

1.062 

7 

3.60 

4.64 

1.285 

32 

20.00 

25.80 

1.060 

8 

4,10 

5.29 

1.297 

33 

20.80 

26.83 

1.067 

9 

4.66 

6.87 

1.308 

34 

21.66 

27.80 

1.076 

10 

6.08 

6,65 

1.320 

36 

22.36 

28.83 

1.083 

11 

6.67 

7.31 

1.332 

36 

23.20 

29.93 

1.091 

12 

6.20 

8.00 

1.346 

37 

24.20 

31.22 

1.100 

13 

6.73 

8.68 

1.367 

38 

26.17 

32.47 

1.108 

14 

7.30 

9.42 

1.870 

39 

26.12 

33.69 

1.116 

16 

7.80 

10.06 

1.383 

40 

27.10 

34.96 

1.126 

16 

8.60 

10.07 

1.397 

41 

28.10 

36.25 

1.134 

17 

9.18 

11.84 

1.410 

42 

29.05 

37.47 

1.142 

18 

9.80 

12.64 

1.424 

43 

30.08 

38.80 

1.152 

19 

10.60 

13.66 

1.438 

44 

31.00 

39.99 

1.162 

20 

11.14 

14.37 

1.453 

46 

32.10 

41.41 

1.171 

21 

11.73 

15.13 

1.468 

46 

33.20 

42.83 

1.180 

22 

12.33 

15.91 

1.483 

47 

34.40 

44.38 

1.190 

23 

13.00 

16.77 

1.498 

48 

35.70 

46.15 

1.200 

24 

13.70 

17.67 

1.614 

49 

36.90 

47.60 

1.210 

25 

14.40 

18.68 

1.530 

50 

38.00 

49.02 


Soda o?apoiatiii9-apparataf : 

Volkmar Haenlg A Comp., Heidenau-Dresden, Germany (see front part advt.). 
ITriedrieh Heokmann, Berlin SO. 16, Bruokenstr. 0b (see advts.). 

Soda metcerising plants for recovering the waste canstio soda : 

Ernest Soott Se Co.. 2 Talbot Court, London E.C. 
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Sodium. Na. A. W. = 23.06. According to the old Deville method 30 parts 
dried Na2C03, ISparts charcoal and Sparts chalk were mixed, ground together 
and then heated to white heat in cast iron pipes (protected by wider tubes 
of clay from direct contact with the flames. The sodium vapours are condensed 
in special receivers, the liquefied Na dropping into a vessel filled with an oil 
free from oxygen. The crude product is refined by remelting or rcdistillation. 

By Netto’s patented method sodium was not prepared from NagCOg 
but from NaOH, which is reduced by C at a much lower temperature than 
Na2C03. The reaction is approximately: 4 NaOH -f 2C == Na2C03 + Nag 
-}- 4 H + CO. In order that a red heat should be sufficient ouly the NaOH 
must be reduced and the NagCOg formed during the reaction must bo tapped 
off. Vertical iron retorts are used (or shaft furnaces) filled % full with pieces 
of charcoal. When the retort, covered outside by a clay coating, is heated 
so far that the charcoal is red, fused NaOH is allowed to drop in from a vessel 
above which is also heated. The Na distils and is received in oil; melted 
Na2C03 collects at the bottom of the vessel whence it is tapped off in such a 
way as to prevent air entering at the same time. In Castner’s patented method, 
caustic soda was also used but the reducing agent was iron carbide instead 
of charcoal. Iron carbide is prepared by heating Fo powder (obtained by 
reducing Fe^Oa with CO) with pitch or tar. According to the proportions of 
NaOH and FeC2 more or lessNa is reduced; the most advantageous appears 
to be the following, in which (theoretically) CO is not formed at all : 

6 NaOH + FeCo = Nag -f 2 NaaCO, + 3 Hg + Fe. 

Oval cast iron retorts taki^ 5 to 6 kg of soda are generally used. They 
are heated to low red heat. The distillation is very even taking about 1 to 
F/o hours; recharging takes barely 6 minutes. 

Germ. Pat. 138368 prepares Na by heating calcium carbide to red heat 
with sodium fluoride or a double fluoride in a suitable vessel in the absence 
of air; theNa distils off. This process is said to be very cheap. According to 
Germ, Pat. 140737 a mixture of aluminium and sodium fluoride is heated in 
a distilling vessel; the Na distils over in an extremely pure state. 

Germ. Pats. 169632 and 161428 deal with the preparation of alkali metals 
from oxides or salts by mixing them with sulphates or sulphites of the same 
or other metals and with sulphur, and heating the whole to a temperature 
above the fusion point, though lower than the point at which the metal 
volatilizes. Na is said to be obtained by heating NagCO, and Na2S04 with S. 

Apart from these last three methods the value of which is as yet not certain 
the first two being probably used for the preparation of potassium rather 
than sodium, electrolytical methods are used exclusively, those given by 
Castner and Grabau being the most important. 

Grabau electrolyzes common salt, taking care to prevent the reunion of 
the elements Na and Cl separated at the two electrodes. The Na is also pre- 
vented from combining with excess of NaCl to form subchloride. For this 
purpose a bell -shaped cell is arranged in the vessel, the lower rim being turned 
outwards and upwards above ^e surface of the melt. This prevents the 
current from destroying the cell walls by passing through them. The carbon 
anodes are placed outside and around the bell, the iron cathode being iiiside. 
The Na separated in the cell rises to the top gradually displacing the 
and flows through a pipe into a vessel filled with petroleum, while the Cl is 
removed from the anode by another tube. The vessel in which the decom- 
position occurs is heated by gases. Pure NaCl requires a fairly high temper- 
ature; for fusion the best mixture is 3 equivalents Na(^, 3 KCl and 2 SrCl2. In* 
others have recently come into use, particularly mixtures of the 
chlorides of potassium, calcium and barium which melt below a dark red 
heat. Fully 90% of the current is said to be profitably used The 
sodium obtained is free from Sr, Ba and Ca, and contains only K. 
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Castnbr’s electrolytical process for the electrolysis of NaOH is of special 
interest. The electrolyte is in a caat iron vessel with a tube at the base through 
which the cathode enters from below. The crucible itself has a diameter of 
45 cm, the upper (cylindrical) half being 60 cm high while the union tube 
is 80 cm long and 8 cm thick. The cathode is surroimded by wire gauze. The 
object of this sieve is to allow of the current passing through while the Na 
set free at the cathode is confined to a limited portion of the electrolyte, 
and is prevented by a special device from reaching the anode where of course 
it would only be reoxidized. The cathode consists of copper; the anodes are 
arranged around the cathode and consist of an alloy of nickel and silver which 
oxidizes when the current passes without lowering the conductivity. As a 
rule 12 — 20 crucibles are connected in a series, requiring 110 volts and 500 
to 1000 amperes. During the electrolysis the sodium and hydrogen rise mside 
the netting; the melted sodium floats on the surface and is taken off every 
now and then with iron scoops. The essential feature of this process is that the 
electrodes and the voltage in the crucibles are chosen in such a way that the 
molten alkali, when placed in the vessel is always kept at its fusion point by 
the current (a little above 310® C). The whole process therefore requires no 
additional heat. The method of the Bitterfeld works is closely related to that 


of Castner. 

According to the Germ. Pat. 149558 a porous, but durable, diapiiragm 
consisting chiefly of clay is used in the electrolysis of fused NaOH. The HjO 
formed at the anodes is evaporated by an air current. 

An interesting process has been worked out by Lorenz in collaboration 
with Clark and Sacher. Its main feature is the prevention of the formation 
of the metallic cloud which greatly reduces the output. The anhydrous 
fused NaOH is electrolyzed in an iron vessel, the anode consisting of an iron 
sheet. A magnesite cylinder dips into the vessel and the cathode (an iron 
wire) passes through the lower end of this. f r . j • 

According to Amer. Pat. 697997 a great deal of economy is effected in 

electrolyzingNaOH by using a mixture of equal parts of caustic soda and sodium 
sulphide at a voltage so low that only the sodium sulphide is decomposed. 
Na appears at the cathode and no water is formed. The sulphur separating 
at the anode at once forms sodium sulphide again with the NaOH, so that i 
continous working NaOH alone is added. « i • i 

Germ. Pat. 160540 uses Naa mixed with an alkali fluoride which makes 
it possible for the electrolysis to take place at a very low temperature, m ims 
way the loss of Na is reduced to a minimum ; the KF remains unchang 
and can be easily recovered. , ^ 

Ashcroft’s process, Germ. Pat. 158574 protects the preparati 
by means of an alloy of Na and Pb prepared by electrolylical ^ 
■double cell arrangement is used, the first contammg mdted NaCl as . •j.g 
and the anodes of carbon or Pb ; the cathode is of Pb. The second ce - 
NaOH as electrolyte; the anode is formed of a fused alloy 
first cell, the cathode being of Ni or Fe. The first cell is 
with NaO, and is lined with fireproof lining. This Iming is not 
the second cell unless the fusion point of the electrolyte is compara g ^ 

the lower part of the cell may be of nickel covered with a lining 
non-conductor of heat. 


non-conductor of heat. . . . xt. i,i.^,.i'r*A-filkali 

Several methods employ aqueous NaCl solutions [e. g. the c , , is 
process (q. v.) with the mercury electrode]. The sodium amalg^ 
used as anode in a coll containing an easily 
17640 (1903)]. Amer. Pat. 782893 prepares Na from the amalgam by 

in an atmosphere of hydrogen. • w mixing 

The Engl. Pat. 19196 (1903) prepares Na from sodium alummate oy 
with coal or tar and reducing in an electric furnace. 
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Na is a silver-white lustrous metal, hardand brittle at— 20^0, elastic atO® 
wax-like at the ordinary temperature. M. P.97.60; B. P.7420; S. G. (at 
I50C) 0,972. As it oxidizes easily it is kept immersed in liquids containing no 
oyygen; petroleum (with 1 % amylalcohol) or vaseline oil. 

Na is used in preparing Mg, Si, Al^ and several organic compounds. It is 
not now so extensively used since A1 is prepared by electrolytically methods. 
It is frequently used for reactions in the form of wire made in special sodium 
presses. 

Sodium amalgam see “Mercury alloys". 


Sodium compounds. 

1. Sodium acetate. NaC2H302. The crude salt is pr^ared from calcium 
acetate (see “Caixijium compounds") by treating with Glauber's salt and 
adding a little sodium carbonate solution to ensure the complete pre- 
cipitation of Ca. The solution obtained is evaporated to dryness, the residues 
heated to 250® C to destroy organic matter, redissolvcd and recrystallized. 
According to Carl Bauer NaOH is added during the evaporation with the 
result that a pure product is quickly obtained. Large quantities of the acetate 
are also prepared from rectified acetic acid. According to Amer. Pat. 779290 
calcium acetate is used, its-solutions being mixed with sodium sulphate, and 
barium carbonate added to precipitate the dissolved sulphates. 

Sodium acetate forms colourless monoclinic columns with 3 mol. H^O, 
soluble in 1 part HgO, or 23 parts alcohol; the aqueous solution reaefily 
becomes mouldy. It is used in making acetic acid, in dyeing red and in printing 
materials. 

2. Sodium alum, see “Alum". 

3. Sodium aluminate and Sodium aluminium chloride see “Aluminium 
compounds". 


4. Sodium amide. NaNHj. Prepared according to Germ. Pat. 117623 by 
rapidly introducing a fine jet of ammonia into metallic Na heated above 
its M. P. It has recently become important in the synthe.sic of indigo (see 
“Indigo dyestufts"). 

5. Sodium arsenate. The acid salt, NaHgAsO^, is obtained by gentle but 
prolonged heating of 36 parts AS2O3 with 3 parts NaNOg. The neutral arsenate 
haJlAsO^ -f 12 HgO is prepared by saturating the solution of the acid salt 
"'ith NaoCOg; it is sometimes used in dyeing and printing to fix the mordants. 

6. Sodium bichromate, see “No. 11 Sodium chromates”. 

7. Sodium bicarbonate, see No. 22 “Carbonates". 

Sodium borate. Na2B407. See “Borax". 

^ a. Sodium bromide see “Bromine". 

9. Sodium chlorate. NaClOg. The former method of preparation from 
potassium chlorate and sodium silicofluoride and sodium bitartrate is no 
<5iiger used. The method in which magnesium chlorate was used is also dis- 
^’Ppearing. Cl was passed into magnesia in aqueous suspension, the resulting 
^agnesium chlorate was evaporated down to40®B6, converated into NaClOg 

y and Na2C03 and then evaporated further to 50® Be ; NaCl separated 
^nd NaClOg crystallized out in cooling. K. J. Bayer's method is rousing in- 
®''ost; it is mentioned in detail under potassium chlorate (No. 6 in “Po- 
tassium compounds"). 

I^apOg is now, however, mainly produced electrolytically, much like KCIO3 
details see under “Chlorine- alkali process, electrolytical". 

10. Sodium chloride. NaCl. For all technical details, see “Sa^". The 
l^^^pound forms colourless crystals of the regular system with hexa- 

lOOo n parts HgO dissolve 35.5 parts at 0® C, 39.2 parts at 

L. Insoluble in alcohol and ether ; non-hygroscopic if pure. M. P . 850 . 



618 


Sodium compounds. 


11. Sodium chromates. 

a) Neutral sodium chromate. Na 2 Cr 04 -f 10 HgO. It is prepared by 

heating 6 parts powdered chrome iron ore with 3 parts calc. NagCO.^ and 3 parts 
chalk in the oxidizing flame, extracting the hot substance evfipor. 

ating to 52 Be and crystallizing. For other methods see Potassium chro. 
MATE. (No. 8 a of “Potassium compounds’*. 

Na 2 Cr 04 + 10 H 2 O forms yellow crystals which effloresce in air, very easily 
soluble in water. It is used in dyeing, and in preparing chrome colours. 

b) Sodium bichromate. Na 2 Cr 207 . Chrome iron stone is heated witli limo 
saltpetre and sodium carbonate, the whole extracted, treated with HCl when 
Na 2 Cr 207 and NaCl are formed; the latter is boiled out and the mother lic^uor 
concentrated. 

Several other methods are in use. For instance neutral chromate is t related 
with H 2 SO 4 . By Germ. Pat. 133736 sodium bichromate and sodium bicarbo- 
nate are produced simultaneously as follows: — A solution of Na 2 Cr 04 is treated 
with NH 3 + CO 2 until 50 % of the sodium is precipitated as NaCHO.^. Tlie 
precipitate is removed and the NH 3 expelled from the solution of (Nll^ )2Cr(\ 
-f Na 2 Cr 04 . The product is a solution of Na 2 Cr 207 which is then concentrated 
to the required extent. Half the CO 2 may be expelled and th(* re- 
maining Na 2 C 03 be used with fresh chrome ore. For other methods see “Po- 
tassium bichromate” (No. 8 b of “Potassium compounds”). NaoCioO, 
forms orange- coloured crystals which are very efflorescent. 

12. Sodium citrate. Obtained from citric acid (q. v.) or calcium citrate by 
treatment with Na salts. 


13. Sodium cyan amide Na 2 CN 2 . According to Germ. Pat. 148045 by the 
action of carbon or matter containing carbon on an alkali amide at a temper- 
ature between 350 and 400^0, alkali cyanamide is formed as follows: 
2 NaNHg -p C “ Na 2 CN 2 -p H 4 . (At 800 or above an alkali cyanide would 
be formed: NaNHg -p C = NaCN -p H 2 . Germ. Pat. 90999). See also derm. 
Pats. 124977, 126241, 148046 and 149678 under “Sodium cyanide“. 

14. Sodium cyanide. NaCN. General information on the preparation 
alkali cyanides will be found under potassium cyanide in the article; “Po- 
tassium compounds”. The number of methods published on this subject is 
so numerous that wo cannot even enumerate them. 


Three of the four methods most used in practice are discussed under po- 
tassium compounds. The fourth which appears to be becoming very import- 
ant in preparing NaCN utilizes metallic sodium. According to this process, 
protected by Germ. Pat. 124977 and 126241 ammonia is allowed to act on a 
mixture of sodium, carbon and sodium cyanide at a temperature only slightly 
above the M. P. of the cyanide. Double the amount of NaCN introduce d is 
obtained. The principle of the method is as follows : When sodium ainiae 
NaNHg acts on sodium cyanide at (about) 400*^6, di-sodium cyanamide is 
obtained, NaNH 2 + NaCN = N (Na^) . CN -f Hg, the di-sodium cyanainido 
can be converted by carbon into sodium cyanide. Both these processes can 
be effected in one operation, by temporarily forming the di-sodium cyan- 
amide, i. e. treating the alkali metal, the calculated amount of carbon and the 
necessary quantity of NaCN in a reaction vessel and introducing NH 3 at a 
temp, slightly above the M. P. of the cyanide. According to supplementary 
patents 148046 and 199678 the intermediate formation of cyanamide is effecte 
without the initial use of NaCN. The alkali amide of Na, NH 3 and C is 
into the stable alkalicyanamide at a temperature between 350 and hi 
( 2 NaNH 2 + C = Na 2 CN 2 + H 4 ); when all the cyanamide is transformea^> 
the temperature is raised so far that additional carbon produces ^ 


cyanide : NaaCNa 


2 NaCN. Instead of solid carbon, liquid 


gaseous carbon compounds may be introduced into the melted Na eitm 
together with the NH 3 or by a separate tube. 
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According to Germ. Pat. 160137 HCN is absorbed by NaOH while the 
latter is heated first to 200^0 and then to 300 o. 

Other methods, especially that of Frank and Erlwein, utilizing atmosp- 
heric nitrogen will be found under potassium cxanide (No. 9, “Potassium 
compounds'’). The latter method gives di-cyanogen di-imide which forms 
NaCN (and NHg) when fused with NagCOg. Very similar to Frank’s method 
is tliat protected by the Amer. Pat. 787380 which allows Na2C03 to act on a 
cyanide of the alkaline earth metals and cyanamide at a strong red heat; 
after (;xtraction NaHCOg is added and NaCN crystallized out at a maximum 
temperature of 5®. The impurities remain dissolved. 

Germ. Pat. 176080 deals with the preparation of alkali cyanides from the 
nitrides which are easily prepared. Magnesium or calcium nitride is heated 
witii a mixture of carbon and an alkali carbonate. The mixture gets red-hot 
and without further heating the reaction proceeds, and cyanide is formed. 

According to Germ. Pat. 180118 the yield is improved if an alkali metal 
be substituted for the carbonate; the Mg appears then to act as a contact 
substance, e. g. 23 parts Mg, 92 parts Na and 92 parts C are heated in pure N. 
The Na is converted almost quantitatively into NaCN : 3 Mg -f- N, = MgoN,. 
Mg:,N2 -f2Na + 2C = 3 Mg + 2 NaCN. 

Frcnc.li. pat. 347373 protects a method of purifying cyanides by distilling 
them in presence of water and an ammonium salt, collecting the ammonium 
cyanide and decomposing with acids or bases. 

Sodium cyanide is used like potassium cyanide (q. v.) and appears to bo 
replacing it in several instances, 

15. Sodium fbrrooyanidb, see “Iron compounds”. 

16. Sodium fiuoridb, NaF. Obtained by neutralizing hydrofluoric aedi 
(see “Fluorine compounds”) with NagCOg and evaporating to crystalli- 
zation. According to Germ. Pat. 116848 it is prepared as follows: 

a) 2 NaHSO. -f- CaF, = 2 HF -f CaS04 -f Na2S04; 

b) 2 HF -f Na2S04 - 2 NaF -f H2SO4. 

Sodium bi -sulphate is allowed to act on fluor-spar at a red heat and the 
resulting acid treated with the sulphate solution obtained by extracting 
the melt. 

NaF is chiefly used for etching glass, and in spirit distillation to prevent 
undesirable fermentation: the acid salt NaF . HF is also largely used. 

17. Sodium formate. H . COONa. In Goldschmidt’s method (Germ. 
Pat, 86419) carbon monoxide is allowed to act on caustic soda under pressure. 
A considerable improvement of this process is effected by French Pat. 342168; 
soda lye is introduced at 200® C into a vessel filled with coke and warm CO 
blown through. Or, NagCOg solution is mixed with coke at 220® and then 
treated for some time with CO. 

18. Sodium gold chloride, see “Gold compounds”. 

19. Sodium hydroxide, see No. 27 “Sodium oxides”. 

^0. Sodium hydrosulphite, see “Hydrosulphitbs”. 

^1- Sodium hypochlorite, see “Bleaching”. 

^2. Sodium carbonate. 

Sodium carbonate. NagCOg. Three processes, all starting from 
common salt, are used in the commercial manufacture of sodium carbonate, 

0 Leblanc process, the ammonia-soda process and recently also an olectro- 
lytical process. 


I. Leblanc process. 

NaCl is first converted into Na, SO,. The Na,SO, is fused with carton 
, hmestone, when two reactions take place, viz.: 1. the reduction of the 
wiphate to sodium sulphide (NajSO, + 2 C = Na,S + 2 CO,) and 2. the 
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conversion of the sulphide to soda and insolubla calcium subhiHA 
(Na^S + CaCOj = Na,C 03 + CaS). 

The sulphate should contain as little NaCl as possible and no free H^SO • 
it should be light and porous and free from fused lumps. It is generally* usd 
without previous crushing or grinding. The limestone, coarsely granulated 
should be very pure and soft. The carbon is usually applied in the form 
of a coarse dust ; it should give very little ash, coke slowly and yield a 
high percentage of coke. The materials are mixed in different ratios in different 
works ; for rotating ovens the usual proportions are 100 parts sulphate, 80 parts 
limestone and 35 — 40 parts carbon. 

Formerly the reaction, i. e. the melting of the crude soda, was effected in 
reverberatory furnaces, the turning and stirring of the mass being done by 
hand. This stirring is necessary to avoid the formation of lumps and to ensure 
the complete reaction of the separate ingredients. At present hand-stirring 
has practically been replaced everywhere by rotating soda ovens (cylinder 
ovens; revolving ovens). The “revolver*' is an iron cylinder lined with fire- 
proof stone and rotating about its axis. The heating gases (produced by common 
grid firing or gas firing) sweep through the middle channel of the cylinder 
furnace while the latter is rotating. 

When the reaction is nearly complete about 6 — 7 % (of the contents of 
the cylinder) of sulphate and the same amount of lime stone powder is added; 
this renders the whole substance less viscous so that it is easily poured from 
the revolver, and causes it to rise freely so that it can be lixiviated readily. 

For a few days this substance is left exposed to damp air so that the caustic 
lime always present is slaked, and the whole mass loosened. The loosening 
of the mass assists the lixiviation, which is effected in iron boxes, 4 — G being 
united to form a battery. The pure HgO first enters the box containing the 
substance, most of it passing out through a tap at the bottom into the 
next, situated lower, and so forth until it enters the box containing a fresh 
supply of soda. When one box is exhausted it is filled again and placed in 
the battery, the last in the series. 

The lyes have first to clear, and that in the warm state, as otherwise im- 
pure soda would crystallize. The crude lye is evaporated in pans heated 
Dy the gases escaping from the soda ovens. During the evaporation lye is 
repeatedly added until a thick pulp is obtained. By stirring &c. the salt w 
prevented from settling and burning. The crude salt is suspended to let the 
water drain away, and is then brought into calcining furnaces; frequently 
it is previously washed by steam, a process which causes the caustic soda 
to dissolve. 

In calcining, i. e. in removing the water, fusion of the substance must be 
avoided; this is difficult if the soda salt contains NaOH and sodium sulphate, 
i. e. if these salts have not been removed by washing with steam, or if the 
caustic lye (red liquor) obtained during washing is also to be converted into 
soda. In these cases the NaOH is “carbonated** by adding sawdust durmg the 
evaporation of the soda lye; the sawdust burns to COg during calcination, 
converting the NaOH to NaaCOg, and the NagS to Na 2 S 04 . The same end is 
attained in a better way by treating the caustic lye obtained through washmg y 
steam with CO^ and air; or, the caustic lye is passed over coke against 
of air and COg. Lime-kiln gases, or coke gases are employed as CO 2 ; 
carbonated caustic lye is evaporated and calcined together with 
soda from the washing. The construction of the calcining ovens varies c^^^ 
siderably; they are usually fitted with stirrers, as otherwise freqn 
turning and stirring by hand are necessary. . ^ q 

The soda thus obtained is rarely quite white, or completely soluble m W j • 
It is refined by redissolving in HjO, clarifjdng the solution destroying 
substances by bleaching powder, evaporating to dryness and calcining as d 
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Attempts have always been made to utilize the great quantities of residue 
from the Lbblano process. The most important methods are 1 . that of 
ScHAFFNBR and Hblbig, and 2 . that of Chance. Both are discussed in the 
article on “Sulphur**. The latter is combined with Claus* method, producing 
water and S by the combustion of HgS with an exactly equivalent amount 
of 0 the HgS may also be burnt to SOj and worked into “Sulphuric 
acid" (q. V.). 

II. Ammonia-soda process. 

This process converts NaCl directly into Na^COg, i. e. not as in Leblano*s 
process through Na2S04 or other sodium salts. The principle of the process is 
given by the equation i 

^ NaCl + NH4 . HCO3 = NaHCOa -f NH4CI, 

i. e. common salt is converted by ammonium bicarbonate into sparingly 
soluble sodium hydrogen carbonate, sal ammoniac remaining in solution. 
By heating the NaHCOg it is converted into the neutral carbonate. In practice 
a mixture of NH3 and CO2 instead of NH4 . HCO3 is allowed to act on NaCl. 
The sal ammoniac solutions are distilled with lime when the NH3 escapes 
and is reintroduced into the process. At the same time when the NaHCOa 
is heated half theCOg is again liberated and is also utilized. That is, theoretic- 
ally the original amount of NH3 should not be used up, fresh quantities of 
CO, only being necessary; in practice considerably more fresh CO2 is necessary, 
and losses of NH3 cannot be avoided. 

A cold saturated solution of common salt is used, as a rule the original 
salt solution from salt works, as this saves the expense of first preparing salt 
and th(m redissolving it. In consequence of this circumstance — and for this 
circumstance only — the ammonia-soda process is economically superior to 
Leblanc’s method; at the same time, the former is far more dependent on 
localities, the proximity of salt works being all-important. 

NH3, obtained by distilling impure ammonia water (or the sal ammoniac 
li(iuors formed during the process itself) with lime is conducted into the salt 
solution. The NaCl solution is usually saturated with NH3 in a column 
apparatus, in which the salt solution runs from above over steps and meets 
the NH3- vapours introduced from below; the heat due to absorption is 
counteracted by a cooler fitted around the column apparatus. 

The solution saturated with NH3 is forced into the carbonating apparatus 
where they encounter the carbon dioxide obtained by burning limestone ). 
The construction of the carbonaters varies a good deal; they arc, however, 
generally arranged in batteries. Suitable cooling contrivances are necessary 
lo keep the temperature below 40 ® G during the process, though not below 

The NaHCOg formed in this way, which separates on account of its being less 
soluble, is removed from the mother liquor by means of suction filters a,nd 
parcfully washed with HoO. The bicarbonate is converted into soda by heatmg 

reverberatory or mume-ovens, or bettor still in Thelen pans; the escaping 
carbon dioxide is led back to the carbonaters. 


III. Electrolytioal production of sodium carbonate. 
klectrolytical methods for obtaining NaOH and Na2C03 from aqueous Na(^ 
solutions are increasing in importance, as practically all difficulties experienced 
first have now been overcome. By only one process can Cl, alkali h^roxides 
or alkali carbonates be obtained simultaneously. For this process see (^lorinb 
alkali process, electrolytical**. The Na separates at the cathode and 

') In tlie same may the caustic lyes required to decompose the sal ammoniao 
‘iquors are prepared. 
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forms NaOH (and H) with water. When the NaOH is to be used for making 
NagCOo it is precipitated as NaHCOg by passing CO 2 into the cathode cham^ 
the NaHCOg being afterwards decomposed by heat. The preparation of Na CO 
through NaOH does not, however, appear to be economical. ^ * 

Until the end of the year 1870 nearly all soda was produced by Leblanc’s 
process, while at present 80 % is obtained by Solvay’s process (ammonia 
soda process). Possibly the figures would point to a still greater success 
of the latter if a great amount of capital had not been invested in works of 
the former type. Whether the electrolytical process will, as predicted in many 
directions, supersede Solvay*s process, is a matter that can hardly yet be 
determined. 

Na^COa is sold calcined, or as Crystal soda. The latter is prepared by 
dissolving the purified calcined salt (free from NagS and NaHCOa) in boilin^r 
water (30 to 40° B6). A little milk of lime is added to destroy the NaOH and 
a little bleaching powder to decompose organic matter, and the clear solution 
run into crystallization vessels. Block crystals of soda are obtained according 
to Grerm. Pat. 140826 by compressing a pulp of soda crystals under a pressure 
of 200 atm. 

For many purposes the coarser crystalline soda is preferable to the powdery 
crystalline, fine soda. Germ. Pat. 104187 deals with the preparation of 
soda in a fine crystalline form by continous stirring of the crystallizing soda 
solution during cooling by atmospheric air. The method offers various 
advantages, fine soda is absolutely free from mother liquor, less working power 
and space is necessary and finally it is ready for the market after 30 minutes 
treatment. 

Soda crystallizes with 10 HjO in large colourless crystals, efflorescing in 
the air with formation of NaaCOg -f H 2 O. According to Loewel 100 parts 
water dissolve at: 



0® 

10® 

16® 

[20» 

26® 

30® 

38® 

104" 

Na^CO, 

NaaCO,+ lOHjO . . 

6.97 

21.33 

12.06 

40.94 

16.20 

63.20 

21.71 

92.82 

28.60 

149.13 

37.24 

237.64 

61.67 

1142,17 

45.47 

539.63 


Spec, gravity of NaaCOg solutions (Lunge). 


Spec. 

Gravity 

at 16® 

Baum4 

De- 

grees 

Weight percent 

Spec. 

Gravity 

at 16® 

Baum6 

De- 

grees 

Weight percent 

NajCO, 

Na»CO, 

-P 10H,O 

Na,CO, 

Na,CO, 

+ 10H,0 

1.007 

1 

0.67 

1.807 

1.083 

11 

7.88 

21.252 

1.014 

2 

1.33 

3.687 

1.091 

12 

8.62 

23.248 

1.022 

3 

2.09 

6.637 

1.100 

13 

9.43 

26.432 

1.029 

4 

2.76 

7.444 

1.108 

14 

10.19 

27.482 

1.036 

6 

3.43 

9.261 

1.116 

16 

10.96 

29.632 

1.046 

6 

4.29 

11.670 

1.126 

16 

11.81 

31.851 

1.062 

7 

4.94 1 

13.323 

1.134 j 

17 

12.43 

33.600 

1.060 

8 

6.71 

16.400 

1.142 

18 

13.16 

36.493 

1.067 

9 

6.37 

17.180 

1.162 

19 

14.24 

38.405 

1.076 

10 

7.12 j 

19.203 






The nomenclature of the degrees used for soda is as follows: 
degrees are percentages of NagCOg, Gay-Lussac degrees percentages 01 iN 2 » 
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Spec. Gbavity op concentrated NaaCOg solutions at 30 ^ (Lunge). 


Spec. 

Gravity 

at SO® 

Baum6 

De- 

grees 

Weight percent 

Spec. 

Gravity 

at 30® 

Baum6 

De- 

grees 

Weight percent 

NajCO, 

Na,CO, 

-f lOHjO 

Na^CO, 

NajCO, 

1 + lOHjO 

1 142 

18 

13.79 

37.21 

1.231 

27 

21.42 

57.80 

1.152 

19 

14.64 

39.61 

1.241 

28 

22.29 

60.16 

1.162 

20 

16.49 

41.79 

1.262 

29 

23.25 

62.73 

1.171 

21 

16.27 

43.89 

1.263 

30 

24.18 

05.24 

1.180 

22 

17.04 

46.97 

1.274 

31 

25.11 

67.76 

1.190 

23 

17.90 

48.31 

1.285 

32 

26.04 

70.28 

1.200 

24 

18.76 

60.62 

1.297 

33 

27.06 

73.02 

1.210 

25 

19.61 

62.91 

1.308 

34 

27.97 

76.48 

1.220 

26 

20.47 

65.29 






French degrees (Descroizilles degrees) denote the amount of H2SO4 which is 
neutralized by 100 parts soda; another standard is the equivalent percentage 
of NaOH. Many English works (if they do not use Gay-Lussac degrees) 
employ a system of degrees which is very uncertain and variable. The 
most used English degrees (Newcastle degrees) refer to percentages of NagO 
like Gay-Lussac, though with respect to the wrong equivalent (i. e. half 
molecular weight) 32 instead of 31 for NagO. The following table gives the 
various graduations in terms of each other: 

The greatest quantities of soda are used in the manufacture of glass and 
soap; then in dyeing and bleaching works, manufacture of paper, of many 
Na-salts (phospnates, waterglass, borax), as a means of preventing boiler 
scale, in metallurgical and many other industrial processes. 

For the utilization of alkali waste see the article “Sulphur . 


Test. The amount of chemically pure NagCO^ is determined from the 
specific gravity by Lunge’s tables. The alkalinity is determined by titration 
in the cold with standard hydrochloric acid, with methylorange as indicator, 
or with litmus at boiling point. The result of titration is expressed in degrees ; 
(see the above table givmg a comparison between the various soda degrees). 
When calcined soda is to be examined it must under all circumstances be 
heated slightly before testing. In examining pure soda the material points 
are the determination of the insoluble matter, the common salt, the sulphate, 
less frequently of the sodium sulphide, the sodium sulphite, iron, &c. Ihe 
insoluble matter is determined by treating 60 g soda with warm water, stirrmg 
for some time, filtering, washing with hot HgO and after drying, weighmg 
on the filter. To determine the iron oxide contained in the insoluble matter, 
the dry filter after weighing is moistened again with HgO and the FcjOg on 
the filter dissolved in warm HCl. The filtrate is precipitated with NHn, the 
residue after filtering is dissolved in dilute H2SO4 (1 : 4), reduced wiui Zn 
and titrated with permanganate solution. NaCl is determined by addmg 
HNO3 ho the soda solution until exactly neutral or faintly alkaline m reaction 
and then titrating with silver solution using K2Cr04 as indicator, bulpha^ 
18 determined by preparing a solution of soda in HCl and precipitatmg e 
hot filtrate with BaClj. The amount of sodium sulphide is found by dissolvmg 
f g soda in 100 cem HjO, heating the solution to boiling, addmg and then 
titrating with ammoniacal silver solution until no more bl^k AggS is 
Ihe ammoniacal silver solution is prepared by dissolvmg 
^ pure HNOg, adding 260 com NH, solution and dilutmg with H2O to 1 ntre. 
of this solution of silver == 0.006 g NagS.) The sodium sulphite is 
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found in the filtrate from this determination by acidifying 50 ccm of the 
filtrate with acetic acid and titrating with N /jo iodine solution after adding 
starch solution; 1 ccni of the N/^o iodine solution— 0.0063 g NaaSOg. 

^en crude soda is to be examined 60 g of the powdered substance are 
stirred into 450 ccm boiled, COg-free water at 45 C, made up to 500 ccm, left 
to settle and filtered. By titration of 10 ccm of this solution with standard 
hydrochloric acid and methylorange the total alkalinity (NagCOg, NaOH 
and NaaS) is found. NaOH + NagS are determined by adding 20 ccm soda 
solution to 10 ccm BaClg-solution (1 : 10) in a 100 ccm flask, which is then 
filled with boiling water, shaken, and closed. After settling 50 ccm of the 
solution are pipetted out and titrated with standard hydrochloric acid and 
methylorange. The result is the sum of NaOH and NaoS. To determine 
the NaoS, 20 ccm soda solution are diluted with H2O to 200 ccm, and titrated 
with N/io iodine solution after adding starch solution and acidifying with 
acetic acid. 1 ccm N/jq iodine solution == 0.0039 g NaaS. 

b) Sodium BICARBONATE. NaHCOg. The NaHCOgformed as an intermediate 
product in the ammonia soda process (see “Sodium carbonate") is not used 
as such as it contains NH3. Sodium bicarbonate is made from crystal soda, 
or, nowadays, from the purer product obtained by the ammonia soda process, 
by allowing steam and CO2 to act on it at 80® C; the reaction is completed 
with dry COg. Sodium bichromate may also be utilized (Germ. Pat. 133736, 
see lib). The bicarbonate forms colourless crystals, mostly in crusts. They 
gradually become cloudy in moist air, and when heated are converted into 
the neutral carbonate with loss of COg. 100 parts HgO will dissolve 6.9 parts 
at 0®, 9.6 parts at 20®, and 16.4 parts at 60®. It is used in stripping silk, wool 
washing, &c. Also in medicine and for the manufacture of evervescont beverages. 

Test. All qualitative methods for detecting the presence of carbonate in 
bicarbonate are unreliable. Quantitatively monocarbonate is estimated by 
determining the carbondioxide, or by using the volumetric method with 
barium chloride given under “Alkalimetry". 

23. Sodium molybdate. Obtained by dis.solving molybdenum trioxide, 
M0O3 in soda lye. Beside the usual salt Na2Mo04 there are various poly- 
molybdates. 

24. Sodium nitrate. See “Chili-saltpetre". 

25. Sodium nitrite. NaNOg. Frequently called nitrite; it may be pre- 
pared by placing dry sodium nitrate in a red hot iron crucible. It is better 
to use a mixture of NaNO, and barium sulphide, rather than the pure NaNOg; 
the reaction is expressed by the equation : — 

4 NaNOg -f BaS = BaS04 + 4 NaNOg. 

After cooling, the melted substance is extracted with HgO and the solution 
evaporated to 40 — 46® B6 when NaNOg crystallizes. Germ. Pat. 59228 
replaces the expensive BaS by a mixture of ground litharge and lime. Another 
is used almost exclusively on a large scale. Soft lead is melted with 
Chili saltpetre. Many other methods have been proposed. According to 
berm. Pat. 117928 sulphur dioxide — as free as possible from air ■ — is passed 
over a mixture of sodium nitrate and the oxide of an alkaline earth (or instead 
of the latter the hydroxide or carbonate) heated nearly to fusion. 

NaNOg -f CaO -f SOg = NaNOg 4- CaSO^. 

Cn a large scale the necessary intimate mixing of lime and Chili saltpetre is 
carried out by slaking the lime with concentrated saltpetre solution. The 3deld 
js said to be almost theoretical, and the separation of the insoluble gypsum 
po be very easy. ^ Germ. Pat. 138029 reduces saltpetre with sulphites. NaNOg 
IS melted in presence of NaOH and anhydrous sulphite is allowed to act 
the melt at 320® to 420® C with thorough stirring; the nitrite formed 
^ extracted with nitrite mother liquor and obtained by crystallization. When 
BKicher. 40 



626 


Sodium compounds. 


overheating is carefully avoided the jdeld is said to be all but theoretical. ~ 
According to Germ. Fat. 168272 NHg mixed with air or 0 is passed over 
metallic oxides heated to 660 — 760®C (FejO* or CuO; ground and roasted 
pyrites are recommended) the nitrous acid anhydride formed is then allowed 
to act on a solution of NaOH or Na^COo. Germ. Pat. 160671 melts NaNo 
with lime and graphite, extracts the NaNOg while the remainder is used again! 
French Pat. 360619 applies gas mixtures containing oxides of nitrogen (obtained 
e.g. by electric discharges in air). These gases are passed straight into absorp- 
tion vessels containing NaOH, where, according to the patentees, nitrite results 
without the formation of nitrate by oxidation. 

Pure nitrite is generally sold in sticks. 

26. Sodium oxalate. Na 2 C 204 . Formerly it was obtained by neutralizing 
a solution of NaaCOj with oxalic acid. By then adding as much oxalic acid 
as is required for neutralization sodium binoxalate is obtained, NaHC 204 . 

At present it is prepared exclusively by Goldschmidt's process from the 
salts of formic acid; details on this method and its improvements wiU be found 
under potassium oxalate (No. 23 a of “Potassium compounds"). 

27. Sodium oxides. 

a) Sodium oxide. Na^O. Until a short time ago it was not certain 
that sodium and potassium were capable of forming normal anhydrous 
oxides. At present, however, the preparation is possible (Germ. Pat. 
147933). The respective peroxides are allowed to act directly on the 
metals. The reaction is very violent, setting in as soon as the substaiKMvs come 
in contact in the presence of air. It is bettor to start it by means of a hot metal 
rod which causes the mixture to become red hot. E. g. NagO is prepared a^i 
follows : 39 kg NagOj + 23 kg Na is ground fine, forming a dark grey powder. 
After the reaction mentioned a firm white substance of almost pure NagO 
remains. An alteration of this process is given by Germ. Pat. 148784; NagOo 
is heated with sodium and a small quantity of NaOH to a temperature above 
400^^0 (towards the end of the process the heating is carried out in vacuo) > 
Finally mention should be made of Germ. Pat. 14&67. By calcining NaNCh, 
with Na, not the peroxide, as was formerly believed, but NajO is obtained: 
NaNOg 4- 5 Na = 3 NagO -f N. A saving of metallic Na is effected by the 
use of nitrite : NaNOg + 3 Na — 2 NaO -h N. Na is melted in an iron stirring 
vessel, fused anhydrous NaNOg or NaNOg being gradually added. The 
vessel must be kept well closed to prevent combustion. According to the 
supplement to Germ. Pat. 144243 Na acts on nitrates and nitrites of th(' 
alkaline earths with formation of NagO; the resulting oxides of the alkaline 
earths metals are obtained in the reaction product: 10 Na -f- 

= 5 NagO -f BaO -f Nj or, when nitrite is employed: 6 Na -f 
= 3 NagO -j- BaO 4- Ng. When nitrates are used the reaction is more violent, 
so that NaOH is recommended as a diluting agent. — See also potassium 
oxide (No. 24 a in the article on “Potassium compounds"). 

b) Sodium hydboxidb. NaOH. For technical details see “Soda, caustic , 
“Chlobinb alkali pbocbss, bleotrolytioal". Commercial caustic soda is 
a stone-like white substance; pure NaOH is translucent and crystalline, 
it deliquesces in air, absorbs COg rapidly and acts as a powerful caustim 

Mention should be made of Kubstbr's process of preparing pure NaOH 
for use in laboratories (Zeitschr. f. anorg. Chem. 1904, 474, and Chem. Atg., 
Report. 1904, 318). , 

c) Sodium peroxide. NajO*. According to Germ. Pat. 67094 it is 

by heating sodium to 300® in aluminium vessels and passing dry air (free tro 
carbon dioxide) over it. Byr the Amer. Pat. 739376 sodium is melted. 
exposed to excess of some oxidizing gas, e, g. air. It forms a white ^ 

whioh readily dissolves in HgO witn evolution of oxygen. It is used 
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of hydrogen peroj^e (q for bleactog purposes. 7.25 kg Na^Oj are equi- 
valent to about 100 kg HjOj of 10—12 vol. %. 6 2 a h 

A hydrate of NujOj is prepared according to French Pat. 320321 by mixine 
with e— 8 times its weight of crushed ice; the temperature sinks 
considerably and small white crystals of Na^OjfHjOla are formed which are 
washed with alcohol and dried. 

28. Sodium perborate (perborax). If a mixture of 248 g boric acid 
and 78 g sodium peroxide is gradually stirred into 2 litres of cold water the 
sodium perborate settles as a snow-white crystalline powder NagB^O -f 10 H 0 
If at the beginning 50 % of the soda is neutralized by a mineral acid the 
product is the metaperborate NaBOg -f 4 HgO, white stable crystals. 

This process due to Jaubert is protected by the French Pat. 336062. The 
small crystals are separated by cooling, washed with alcohol and dried at 
50-600 C. A supplementary patent allows boric acid to act simultaneously 
with 112804 on Na202. Engl. Pat. 22004 (1904) protects the preparation 
of sodium perborate from boric acid and NagOg (in molecular proportions) 
with the addition of a suitable acid in the cold. — Sodium perborate may also 
be prepared from borax and hydrogen peroxide in presence of NaOH. Accord- 
ing to Jaubert sodium perborate is very suitable for preparing very pure 
H2O2, the mere solution of perborate in cold HgO being in every respect 
similar to free hydrogen peroxide. When 170 g sodium perborate and 60 g 
citric acid are dissolved in 1 litre HgO the result is a neutral 10 vol. % solution 
which in its antiseptic a(;tion is at least as strong as that of usual HgOj. It is, 
conse(|uently used medicinally with great advantage in the treatment of 
wounds (usually in the form of powder). Above 40 ^ the solutions decompose 
with evolution of oxygen. The solubility of the salt is 25.5—37.8 g per litre 
of water at 15 — 32^0; by adding acids more concentrated solutions may be 
prepared. 


Perborate of sodium **brand Erika IV“ : 

Chemiflcho Werko Kirohhoff & Neirath G. in. b. H., Berlin N. 24. 

29. Sodium perchlorate, NaC104. The preparation is similar to that of 
potassium perchlorate; see “Potassium compounds” (No. 25), “Perchlor- 
ates” and “Chlorine -ALKALI process, electrolytical”. 

30. Sodium percarbonate. Accordmg to Tanatar sodium percarbonate, 

^^2^04 11/^ HjO, is obtained from sodium carbonate and hydrogen per- 

oxide. By Germ. Pat. 145746 the same salt is obtained in the solid state by 
®ixmg liquid or solid carbon dioxide with the dry crystalline hydrate of sodium 
peroxide, the COg being present in excess. The result is a paste-like substance 
Which has to be separated from the small amount of water formed during 

e reaction and dried. The reaction is represented thus: — 

NajOg . 8 HjO -f CO2 = -|- 8 H2O. 

'51. Sodium permanganate. NaMn04. Prepared either like potassium 
permanganate (see No. 27 “Potassium compounds”) or by heating manganese 
^ regeneration of MnOa in the production of chlorine) 
4 11- ^ ^ forms a substance easily soluble in HgO which 

ystallizes with difficulty; used occasionally instead of KMn04 as a bleaching 

"gent and disinfectant. 

Sodium peroxide, see No. 27 c. 

of N persulphate. NagSgOg. It is obtained by the electrolysis 

Q A with H2SO4 and is used commercially as an oxidizing agent, 
pho* b phosphate. NaaHP04. On a large scale bone ash or natural 

ar»‘ nre used for its preparation ; 10 parts basic calcium phosphate 

dav8 with 60 parts HoO and 9 parts concentrated H2SO4 for several 

free H pa pnlp is filtered through linen and the liquid containing 

3PO4 and monocalcium phosphate CaH4(P04)2 evaporated down to 

40 * 
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20 parts, and allowed to stand to precipitate dissolved calcium sulphate 
The solution is diluted, the whole of the Ca precipitated by neutralizing with 
NajCOo-solution, filtered, evaporated in iron boilers and allowed to crystallize 
Accormng to other methods calcium phosphate solutions are decomposed with 
Na2S04 and the resulting acid salt Na2HP04 converted into neutral phosphate 
Na2HP04, or into basic phosphate Na3P04 by adding Na-COg. Phosphorites 
are dissolved in HCl and the solutions then treated with Na2S04. The neutral 
salt : Na2HP04 -f 12 HgO forms large, colourless crystals having a cooling 
saline taste, readily deliquescent, slightly alkaline reaction, soluble in 4 parts 
cold, or 2 parts hot HgO. The crystals easily melt when heated, forniing 
sodium pyrophosphate Na4P207. Sodium phosphate is used as a gkze^ 
also in tin-plating, soldering and welding, dyeing, and finally in medicine! 
By dissolving 6 parts Na2HP04 and 2 parts {NIi4)2HP04 in hot water and 
cooling so-called microcosmic salt is formed, i. e. acid ammonium sodium phos- 
phate Na(NH4)HP04 + 4 HgO; it forms large transparent, monoclinic crystals 
which easily melt leaving behind sodium metaphosphate NaPOg. This is the 
reason the salt is used in blowpipe experiments and in making beads of micro- 
cosmic salt. 

35. Sodium plumbate, see No. 19 “Lead compounds”. 

36. Sodium sulphocyanide. NaCNS. The preparation is very similar 
to that of the potassium salt (see No. 30 “Potassium compounds”). It is 
used as a mordant in dyeing and printing. 

37. Sodium silicate, see “Waterglass”. 

38. Sodium stannate. NagSnO, + 3 H2O. Obtained from tin stone 
and NaOH or by heating Sn with NaOH and NaNOg; also by boiling Sn 
with PbO and soda lye, when the Sn dissolves and Pb separates. The com- 
mercial substance is granular generally containing a considerable amount of 
impurities, so that hardly more than 40 — 44 % SnOg instead of the the- 
oretical 56,4 % is present. 

39. Sodium sulphates. NagSOi. The greatest quantities arc obtained by 
heating NaCl with H2SO4. The change takes place in two phases; the first 
product is sodium bisulphate NaHS04; on further heating Na2S04 is formed. 
The first part of the process is carried out in pans, the second by strongly 
heating in furnaces. The sodium chloride used (common salt, or rock salt) 
should be very pure and not too finely ground ; the H 2 SO 4 is as a rule of 
59 — 60°B6. When the first phase is ended the pans are emptied into the 
ovens. Mechanical furnaces effeeting the stirring and emptying from the 
pans appear to be satisfactory; in any case they have come into use. (See also 
“Hydrochloric acid”.) 

Another method of preparing sodium sulphate from common salt is by 
the action of sulphur dioxide and moist oxygen: — TheNaClis moistenc , 
compressed into solid cakes, dried and exposed to the action of the gases 
in suitable decomposing vessels. The gases used are the gases from 
burners (see “Sulphuric acid”) as these contain the necessary 0 
the SOg* Before entering the decomposition vessels the gases are mixed wi 
steam. The reaction taking place is given by the following equation: 

2 NaCl -f SO2 -f O -f H2O = Na2S04 + 2 HCl. 

According to Germ. Pat. 136998 (Oehleb's method modified by 
Na2S04 and concentrated HCl-gas are prepared by heating 
perature = 400° C) an intimate mixture of well-powdered NaCl + 
m proper proportions in a closed vessel fitted with a gas outlet tube, j-q” 
all mechanical stirring. The bisulphate from the manufacture 
can be utilized in this way. It appears very doubtful whether this proc 
become of practical use. 
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According to Engl. Pat. 6898 (1904) neutral sodium sulphate and SO, 
nrepared from bisulphate by heating the latter in a cast iron retort, where 
Vs well mixed by stirrers, with about 12 % of its weight of sawdust and 2 % 
If coke dust: SO 2 escapes and Na 2 S 04 remains. 

^ Most of the sodium sulphate is used in the crude state for the preparation 
f sodium carbonate (q. v.). If however it is to be purified a boiling saturated 
^ ueous solution is prepared, neutralized with milk of lime and a solution of 
hLching powder added while stirring and keeping at boiling point, until all Fe 
is precipitated. The precipitate settles very quickly, and the clear solution is 
taoped off and allowed to crystallize. If the solution cools without disturbance 
lar^e crystals are formed, while small ones may be produced by stirring the 
liqmd. Frequently also the clear solution free from iron is evaporated, the salt 
on settling is taken out and completely calcined by heating in ovens. 

Na SO . 10 HgO is known as Glauber’s salt. It occurs naturally in many 
mineral springs, on the shores of lakes, &c. It is as a rule obtained from the 
residues formed in working camallite (see “Abraum salts”). This residue 
contains about 46-55 % NaCl and 25-30 % MgSO,; the substance is left 
exposed to the air for some time, when a solution of about 31— Be (at 33«) 
is made placed in shallow crystallizing vessels and allowed to stand over night 
(winter’ temperature). The reaction MgS 04 + 2 NaCl = Na 2 S 04 + MgClj 
takes place and the Glauber’s salt separates; it is freed from the inother 
liquor by recrystallization and is dried at about 3()0C. When calcined 
Glauber's salt for glass works is required a clear solution of the crude salt is 
evaporated and the above process applied. • iaa 4 xi n 



Anhydrous salt 

Crystals with lOHjO 

Crystals with 7 H,0 

perature 


Na 2 S 04 

Na2S04 

NajS 04 

% 

NajS 04 

Na 2 S 04 


NajSO* 

+ 10H,O 

+ l5HaO 

NasS 04 

+ 7H,0 

-f lOHjO 

0® 



6.02 

12.16 

19.62 

44.84 

69.23 

10 



9.00 

23.04 

30.49 

78.90 

112.73 

15 



13.20 

36.96 

37.43 

106.79 

161.67 

IS 

63.25 

371.97 

16.80 

48.41 

41.63 

124.69 

200.00 

20 

62.76 

361.61 

19.40 

58.35 

44.73 

140.01 

234,40 

25 

51.63 

337.16 

28.00 

98.48 

62.94 

188.46 

366.28 

26 

61.31 

333.06 

30.00 

109.81 

54.97 

202.61 

411.45 

30 

60.37 

316.19 

40.00 

184.09 




33 

49.71 

306.06 

50.76 

323.13 




34 

49.53 

302.07 

66.00 ' 

412.22 




40.16 

48.78 

290.00 






45.04 

47.81 

276.34 






50.40 

46.82 

261.36 






59.79 

45.42 

242.89 






70.61 

44.35 

229.87 






84.42 

42.96 

213.98 






103.17 

42.65 

210.67 







Concerning this table we should remark that Na 2 bU 4 -f- «2 

Mist above 34«C. Only the anhydrous salt can then be the solution iM 
solubility decreasing continuously from 18®— 103 . 17 '*. Below IS the , 

anhydrous salt crystallizes with 7 H.O when excluded from the an, and witft 
10 HjO when air is admitted. The solubility of Na^SO, + 7 HjO nses from 
0—26®; above this temperature it is changed into anhydrous s»lt^ 
use of NagSO. is in the manufacture of 
®><ierable quantities, however, are also used in the manufacture of glass and 
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SODHTM COMPOUNDS. 


ultramarine, coal-tar-colour works, and in dyeing. The crystalli a 
used medicinally and for the preparation of freeSig mixtures 


the 


Test. Free acid is determined by titration with standard sodium hvA -a 
and methylorange (in the cold); sodium chloride in accurately nenfr?i- j 
solution, by titration with silver solution, using K2Cr04 as inAcator F • 
determined by dissolving lOg of the sulphate in HgO, reducing the irnn!!if 
with Zn -f H2SO4 and titrating with KMnO^, The determination of 
insoluble salts of Ca, Mg and AI is carried out as usual. 

To determine the amount of sodium sulphate 1 g sulphate (if necessary 
with the addition of a little HCl) is dissolved, salammoniac and ammonia 
added, Ca and Fe precipitated with ammonium oxalate solution and the 
filtrate evaporated to dryness after the addition of a few drops of HjSO 
and weighed, after heating at first alone and then with a small piece of 
ammonium nitrate. From the weight found is subtracted 1 . the NaCl previously 
determined, calculated as Na2S04 (1 part NaCl = 1.2136 parts NagSO ) 
and 2. the magnesium previously determined and calculated as Mg SO 
(1 part MgO = 2.9703 parts MgS04). The remainder is the Nag SO 4 in 1 g* 

Sulphates : 

R. & J. Qarroway, 68 Buchanan St., Glasgow. 

Sulphate ol alumina and Sewage cake: 

R. A J. Garroway, 68 Buchanan St., Glasgow. 


b) Sodium bisulphate. NaHS04. Obtained by dissolving equi-molccular 
quantities of Na2S04 and H2SO4 in HgO and evaporating the solution ; also by 
decomposing NaNOg with H2SO4 (see “Nitric acid''). 

40. Sodium sui^phide. There are several sodium sulphides ; monosulphide 
NagS, is obtained by the reduction of Na2S04 with carbon, and according to the 
recent Germ. Pat. 126601 when sodium bisulphate is heated with sodium 
chloride and carbon: 

NaHS04 d- NaCl -f 2 C = Na^S + HCl -f 2 COg. 

It is usually prepared as a by-product in the manufacture of BaS04; see 
the article Baryta white in “Barium colours". According to French Pat. 
319187 NaoS is obtained either by mixing Na2S04 with a little more carbon 
than would suffice to produce the sulphide and exposing the mixture to the 
heat of electric furnaces (arc or resistance) with exclusion of air; or NaHSOi 
is used in place of Na2S04. In this case sufficient NaCl should be added to 
produce Na2S04 -f- HCl. The vapours of HCl may in this case be collected in 
receivers. 

Another sodium sulphide is sodium sulph-hydrate NaSH, produced in- 
dustrially from the calcium sulphide present in alkali waste with sodium 
bisulphate in the cold: 

CaS + NaHS04 = NaHS -f CaS04; 

the solution when boiled gives monosulphide NagS and HgS. Finally there are 
various sodium poly-sulphides, the more important being sodium 
sulphide NajSg which is formed when the proper amount of Na is 
melted S. — Germ. Pat. 132265, treat of the preparation of sodium sulphides 
from gas. 

41. Sodium sulphites. 

a) Sodium sulphite. NaoSOg, A given quantity of soda solution 1 
divided into two equal parts. One part is saturate with SOj and the resulting 
bisulphite convert^ to neutral su^hite by mixing with the other par • 
Commercially it is obtained from NaHSOg, discussed under b) by 
its solution with the equivalent amount of crystal soda, evaporating to 40 > 
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fviTiff and crystallizii^; as a rule it crystallizes with 7 H2O. According 
^ rm^’Pat. 138028 NaaSOg is said to be obtained from ZnSOj by treating 

^Llphite in presence of H2O with NaCl and possibly also with SOg. The 
^ obtained from roasted zinc ores by treatment with SCL or gases 
f Dvrites ovens ; the process may be effected in a solution of NaCl which 

m at the same time give a solution of ZnClg and NagSOg. The NagSOg may 
Th n be separated by evaporation or salting out with NaCl. It is advisable 
t add a sufficient excess of NaCl to the ores, so that the sulphite is retained by 
the ore residues and may be separated by extraction. 

NaoSOg is frequently used as an antichlor (q. v.), for preserving, as a mild 

bleaching agent, &c. 

b) Sodium bisulphite. NaHSOg. On a large scale moist soda crystals 
are exposed to a current of SOg (gases from pyrites furnaces); the bisulphite 
formed dissolves in the water of crystallization. It is also obtained by the action 
of SO on NaHCOg; another way is to allow the soda solution to absorb SOgi 
the solution of soda should be of 21 Be to produce a bisulphite solution of 
40° B6. 

42. Sodium THIOSULPHATE. NagS^Og. For its preparation see Antichloes.“ 
The salt forms colourless crystals with 6 HgO, readily soluble in H2O causing 
considerable lowering of temperature; insoluble in alcohol. It is used as 
an antichlor in the manufacture of paper, bleaching of textiles, straw, wool, 
bones, oil, &c., &o., as a mordant in calico printing, and in preparing various 
( hemi'cal compounds. The aqueous solutions dissolve much iodine, so that it 
is used in obtaining the latter. It is also employed in photography. 

43. Sodium tungstate. Tungsten ore (usually Wolframite) is fused with 
NagCOg and ELNOg in reverberatory furnaces, extracted with HgO, the solution 
neutralized with HCl and concentrated by evaporation, when sodium tungstcate 
crystallizes out. It does not correspond to the simple formula Na2W04, the 
composition being variable ; the best crystals are those of sodium paratungstate 
NaioWi204i + 28 HoO which occurs as a by-product is the treatment of 
tungsten-tin ores. It is chiefly used in the preparation of other tungsten 
compounds; it is also employed to render textiles less inflammible. 


Solaninc. C42H87N0^5. An alkaloid occurring in deadly night shade 
(Sohmeeae). It is a fairly strong poison. 


Solar oil (Photogen). This is the name given to various hydrocarbons 
obtained as by-products in the treatment of brown coal-tar (q. v.) m paraffin 
works (see “Paraffin’’). The more easily volatile substances of b. G. of 
0.800 to 0.820 are called photogens, while the hydrocarbons passing oyer 
at 160— 1950 (S. G. 0.825— 0.=30) are the solar oils; a sharp distinction 
between the two fractions is not possible. Photogen is used to refine paraffim 
fer (^arburetting coal-gas, and for removing stains, while solar oil is used 
for lighting. ... , . 1 -i 

Another kind of solar oil is obtained in the distillation of mineral oils. 
It occupies a position between petroleum and lubricating oils, and is u^d for 
carburetting water gas, and to dissolve the resin acid neutralized with lime 
(residues of petroleum manufactury). This mixture is used to heat distilling, 
steam, and locomotive boilers, though only where it is found locally (especially 
in Russia). 


Soldering. A distinction is made between soft and hard solders. The simplest 
soft solder is pure tin (M. P. 2300), though usually for f^sons of economy 
alloys of Sn and Pb are used. Their melting points'vary between 180 and 240 
^ccordin^ to the proportions observed in mixing; more easily 
are obtamed by addim? Cd and Bi (see “Cadmium alloys and Bismuth 

alloys”). 
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Soldering. 


Hard solders vary very much indeed, e. g. pure copper, or alloys of Cu with 
Zn (brass), also alloys of Cu with Zn and Sn (bronzes). These solders, generally 
called brass solders, are used in soldering copper, bronze, brass, cast iron 
and wrought iron. Harder and still more resistant are German silver solders 
i. e. a German silver containing much zinc (see “Nickel alloys”), it is used 
in soldering articles of steel, iron, and German silver. A silver solder is an 
alloy of 75 % Ag and 25 % Cu, frequently containing a little brass or zinc 
to lower the melting point; it is used, in soldering silver, copper, steel and 
iron. Gold solders are alloys of Au, Ag and Cu (sometimes with a little Zn) 
while pure gold is used to solder platinum. ’ 

Aluminium is very difficult to solder; numerous solders have been proposed 
for this purpose; they generally contain Al, Cu and Sn. Aluminium bronze 
on the other hand may be soldered easily and well by using a hard solder 
consisting of 52 % Cu, 46 % Zn and 2 % Sn. Recently the electric arc has 
been used in soldering metals of high melting point. Other metals (e. g. lead) 
are now usually soldered without the addition of any solder by merely fusing 
the seams together, using the blowpipe flame, or for platinum an oxyhydrogen 
flame (autogenous soldering). 

If soldering is to be successful materials must be used which protect the 
metal surfaces from oxidation or dissolve any oxides already formed. For 
soft solders, hydrochloric acid, sal ammoniac, zinc chloride, oil, colophony, 
turpentine and chiefly an aqueous solution of soldering salt are used. The 
latter, ammonium zinc chloride ZnClj -f 2 NH4CI, is prepared by dissolving 
one part Zn in HCl with the addition of one part NH4CI. For hard solders 
a solution of phosphoric acid in alcohol is most frequently used ; slag forming 
and reducing substances like borax, glass powder, potassium cyanide, &c. 
are dusted over the parts to be joined. 

The following receipts for soldering materials (according to M. Heinze) 
have proved reliable: — 

a) Soldering solution. 1. Zinc scraps are placed in hydrochloric acid 
until no further evolution of gas occurs. 2. This process is carried on until 
added zinc remains undissolved when the liquid is warmed. 3. Liquids obtained 
by 1. and 2. are improved by adding a little liquid ammonia from time to time 
until the solution has a slight smell of ammonia. 4. To solution an eigdith 
part of glycerine is added. 5. 0.45 kg sal ammoniac, 113 g borax and 28.3 g 
glycerine are dissolved in 1.5 litre water. 6. 0.45 kg lactic acid, 0.45 kg glycerine 
and 3.6 kg water. 7. 0.56 litres phosphoric acid (I part phosphoric acid to 
8 parts water) and 0.85 litres wood spirit. 

b) Soldering powders. 1, Powdered resin. 2. Mixture of 0.9 kg resin, 
56.7 g sal ammoniac, and 16.7 g dry zinc sulphate in a powdered form. 
3. 0.9 kg resin, 56.7 g sal ammoniac, and 16.7 g dry borax are powdered and 
mixed. 

c) Soldering pastes. 1. Tallow with resin. 2. 0.45 kg resin and 45 kg 
tallow are melted and mixed with 50 g powdered sal ammoniac. 3. 2.26 kg 
cotton seed oil are melted with 1.81 kg tallow, 1 kg powdered resin is ’ 
the whole melted again; 0.12kg powdered sal-ammoniac is added ana tie 
mixture cooled while stirring. The consistency is altered by the addition 0 
cotton seed oil. 

d) Soft solder for lead, zinc, copper, brass, &c. 2 parts Pb and 1 part 

Sn (225—2300). _ ^ ^ 

e) Soft solder fob lead, zinc, tin &c. 1 part Pb and 1 partbn ;* 

f) Soft solder for tin moulds. 1. 2 parts Sn, 1 part Pb, 1 part bi. 
2. 3 parts Sn, 2 parts Pb and 1 part Bi (125—1500). 

g) Soft solder for aluminium bronze: — 4 parts Zn and 3 parts 
The parts to be joined are scraped; no soldering water is used. 
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h) Hard solder for iron, copper, &c. 1. 5 parts Cu and 1 part Zn. 
2 2 parts Cu and 1 part Zn. 

w Yellow hard solder for iron, copper, brass, &c. 2 — 6 parts brass 
fills and 1-2 parts Zn (400^500). 

k) White hard solder. 1. 20 parts brass filings, 4 parts Sn, 1 part Zn. 
2 78 parts brass filings, 16 parts Sn and 7 parts Zn (above 426° C). 

l) Fluxes. For soft solders: Soldering-liquids, -powders, -pastes and 
colophony. For hard solders: Borax or sal ammoniac with borax. 

Solubility. 

Solubilities of various substances: 


Solubility of salts in 100 parts H 2 O. 


At 

0« 

10“ 

20“ 

60“ 

100“ 

Aluminium sulphate, cryst 

86.85 

95.8 

107.35 

201.4 

1132.0 

“ potassium sulphate, cryst. 

3.9 

9.6 

15.1 

44.1 

357.5 

Ammonium chloride 

28.4 

32.84 

37.28 

60.6 

72.8 

“ bicarbonate 

11.91 

16.1 

21.6 

— 

— 

“ sulphate 

71.00 

73.65 

76.30 

84.25 

97.60 

Barium chloride 

— 

33.3 

35.7 

43.6 

67.8 

“ hydroxide 

1.5 

2.22 

3.48 

11.75 

— 

‘ nitrate 

— 

7.0 

9.2 

17.1 

32.2 

Boric acid (HjBO,) 

1.947 

2.880 

3.992 

— 

29.116 

Calcium chloride 

49.6 

60 

74 

120 

154 

“ sulphate CaSO* . 2 H,0 . . . 

24.1 

— 

26.1 

26.6 

22.2 

Cobalt sulphate 

22.4 

30.6 

36.4 

65.2 

-- 

Copper sulphate 

— 

36.95 

42.31 

65.83 

203.22 

Lead nitrate 

38.8 

48.3 

66.7 

90 

139 

Lithium carbonate 

1.539 

1.406 

1.329 

1.181 

0.728 

Magnesium sulphate 

26.9 

31.5 

36.2 

50.3 

73.8 

Manganese sulphate 

55.4 

63.8 

66.3 

74.8 

62.9 

Mercuric chloride 

5.73 

6.57 

7.39 

11.34 

53.96 

Nickel sulphate 

30.4 

34.6 

39.7 

52.0 

— 

Potassium bromide 

63.42 

60.8 

68.3 

80.5 

104.2 

chlorate 

3.33 

5.0 

7.6 

19.0 

69.9 

chloride 

27.9 

32.0 

34.7 

42.8 

56.6 

chromate 

68.90 

60.92 

62.94 

69.00 1 

79.10 

bichromate 

4.6 

7.4 

12.4 

35.0 

94.1 

carbonate 

89.4 

109 

112 

121 

156 

bicarbonate 

19.61 

23.23 

26.91 

37.92 

209 

iodide 

127.9 

136.1 

144.2 

168 

nitrate 

13.3 

21.1 

31.2 

86 

247 

“ sulphate 

8.46 

9.7 

10.9 

15.8 

26.2 

Saver nitrate 

121.9 



227.3 

496.1 

940 

Sodium bromide NaBr 

77.5 

83.0 

88.4 

107.7 

114.9 

“ bromide NaBr -f 2 H^O . . . 

78.86 

85.0 

92.16 

115.8 

— 

chloride 

35.6 

35.70 

35.84 

36.70 

40.1 

iodide Nal . 

168.7 

168.7 

178.6 

232.3 

312.6 

iodide Nal -f 2 H^O 

168.7 

170.0 

179.3 

228.4 

— 

carbonate Na,CO, 

6.97 

12.06 

21.71 

— 

46.47 

carbonate NajCO, -f lOHjO 

21.33 

40.94 

92.82 

— 

539.62 

^ bicarbonate 

7.92 

8.88 

9.84 

12.72 


nitrate 

72.9 

80.8 

87.6 

112 

180 

phosphate 

2.6 

3.9 

9.3 

82.6 

98.8 

sulphate Na,S 04 -f 10 H,0 

Zinr, 1 ^^^®®ulphate (anhydrous) . . 

^ sulphate ZnS 04 + 7 H,0 

6.02 

9.00 

19.40 

46.7 

42.6 

47.6 

116.22 

138.21 

69.6 

161.49 

114 

263.84 

653.59 
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Solubility of various chemicals in dilute alcohol. 
(Pharmaz. Zentralhalle 1881, No. 30). 

1 g substance requires alcohol of Vol. weight 0.941 at 15.6® C. 



cem 


ccin 

Ammonium bromide 

3.00 

Potassium acetate 


“ chloride 

6.00 

“ bicarbonate 

22.00 

“ carbonate 

10.00 

“ bromide 

4.50 

Benzoic acid 

20.00 

“ carbonate 

1. 00 

Cinchonine sulphate 

20.00 

“ chloride 

88.6(1 

Codeine 

4.40 

‘ ‘ ferrocyanide 

570.00 

Copper sulphate 

518.00 

“ iodide 

l.GO 

Ferrous sulphate 

236.00 

“ nitrate 

24.00 

Lead acetate 

8.00 

Oxalic acid 

8.00 

Lithium citrate 

26.00 

Mercuric chloride 

20.00 

“ carbonate 

1790.00 

Salicylic acid 

42.00 

Magnesium sulphate 

47.33 

Silver nitrate 

2.50 

Milk sugar 

68.00 

Strychnine sulphate 

60.00 

Morphine acetate 

50.00 

Tartaric acid 

1.25 

“ chloride 

26.00 

Sodium borate 

402.00 

“ sulphate 

40.00 

“ hypophosphite 

5.80 

Potassium-sodium nitrate ... 

29.00 

“ phosphate 

298.00 

“ sulphate 

700.00 

“ salicylate 

19.60 

“ sulphite 

460.00 

“ sulphate 

81.20 

‘‘ citrate 

1.00 

“ thiocarbonate 

18.00 

Quinine sulphate 

150.00 

“ thiosulphate 

3.00 

Sodium acetate 

3,00 

Zinc sulphate 

48.00 

“ carbonate 

83.33 

Citric acid 

1.00 


Solurol = nucleotinphosphoric acid C3oH4eN40i5 . 2 P2O5, also called 
Thymic acid. 

A yellow amorphous powder, easily soluble in HgO. Said to bo used for 
gout since at 20° it has the property of keeping in solution its own weight of 
uric acid. 

Solutol see “Cresols*'. 

Solvent naphtha. A fraction of coal-tar (q. v.) obtained in the rectification 
of light oil. (See also the article on “Benzene’*.) It is a liquid S. G. (at 15 t) 
0.875; about 90 % should distil at 160°, while only 20 % should distil at 
130° C. Solvent naphtha contains xylenes and tri-metnyl benzenes; the 
other constituents have, on the whole, not been thoroughly investipteo. 
The name, solvent naphtha, is duo to the circumstance that this fraction m 
the manufacture of waterproof materials is used to dissolve caoutchouc. 
It is further used to purify anthracene (q. v.). 

Solveol. Cresols made soluble in water by the addition of sodium creso 
tinate. 

It is a brown, transparent, oily, neutral liquid with a faint tar-like 
mixing with HgO without the separation of cresol; S. G. 1.153 — 1.158. ^ 

as a disinfectant. , 

Somatose. A food preparation made from meat by a secret method, 
chief ingredients are albumose (about 78 %) and 3 % of pepton^ 

A yellow, almost tasteless, odourless powder, easily soluble in H2G. 
scribed for convalescents and in cases of indigestion, chlorosis, &c. 

It is also sold as Liquid somatose. Milk somatose and Iron soma 



SOMNAL. 


635 


Somnal. A solution of a mixture of chloralhydrate and urethane in alcohol. 
Used medicinally as a hypnotic. 

Somnoform (Narcoform). A mixture of 60 parts ethyl chloride, 35 parts 
methyl chloride and 5 parts ethyl bromide. Said to serve as a local anaesthetic. 


Soot. By the term soot is understood the impure powdered carbon separated 
from organic substances by incomplete combustion. Wood or pine soot is 
obtained from resinous wood or the refuse of resins by burning in presence of 
little air, and conducting the soot-loden fumes through chambers or coarse bags. 

The greater part of the soot now made is prepared in specially built soot- 
burning apparatus from colophony, pitch, tar, tar-oils and so on. A specially 
fine sort of soot, lamp black or oil black is obtained by burning oils or camphor 
with or without a wick. Cooled metal cylinders are adjusted over the flame 
to catch the soot which is removed with knives or brushes. 

Soot is also obtained from gas-tar, which contains 30 % and more of this 
substance, by filtering the tar after diluting with oil. This soot is used for 
making crayons and carbon electrodes. 

Large quantities of soot are made by the incomplete consumption of blubber, 
mineral oil, resin &c. In recent years this product has also been obtained 
in large quWtities from acetylene and natural gas (America). The materials 
are burnt in suitable lamps or in other vessels. 

Many new patents for the preparation of soot have been taken out. The 
following are important: — According to Germ. Pat. 132836 acetylene is 
heated with a halogen substitution product of a hydrocarbon, or a carbide is 
heated with one of the above substitution products. In this way finely divided 
carbon is obtained and also a halogen acid or a salt. According to Germ. 
Pat. 127467 and 138940 soot is obtained by distilling tar or carbonaceous 
materials with warm compressed air and burning the air and mixed vapours 
without condensation. 

So far Germ. Pat. 141884 does not seem to be of practical value; accordmg 
to this patent the endothermic properties of acetylene and more especially 
its decomposition under pressure are used in the well-known method for the 
production of amorphous carbon. In this method it was considered nccessa^ 
to remove the air from the vessel in which the acetylene was to be decomposed, 
before operations were begun, but according to the new process this is no 
longer obligatory if there isa pressure of about4atm. in the vessel. An addition 
of gaseous exothermic hydrocarbons, or a mixture of such gases as methane, 
ethane or coal-gas, &c. which absorb a part of the free energy and are thereby 
separated into their component parts, considerably improves the quality of 
the amorphous carbon produced. 

Frank^ process is of much interest. According to this method a mixture 
of acetylene is burnt with CO or COo. The reaction corresponds, according 
to which substance is used, to the following equations: — 


C 2 H 2 + CO = 3 C + H 2 O. 2 CaHa + CO^ = 5 C -f 2 H^O. 

The reaction is best carried out in closed steel vessels with an initial pressure 
of 6 atm. and an explosion pressure of 125 atm. with electric igmtion. w 
soot colours well, makes a good coating, is specifically heavy and is a good 
conductor of heat and electricity. , i 1 

Germ. Pat. 157542 treats of the production of soot from naphthalene by 
burning the Hquid substance in wick lamps. To F^vent sublimation the 
ynck funnel is kept cool by a water arrangement. The meltmg takes place 
m a water bath connected with the lamp. 


Soot: 


Manger, Dreeden, Germany. 
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SozoiodoL The sozoiodol preparations are the salts of sozoiodolic acid 
(di-iodo-p-phenolsulphonic acid) ^ 

/OH (1) 

\I (6). 

In order to prepare it potassium p-phenolsulphonate is dissolved in HCl 
and treated with Kl and IQOg. The free acid is obtained from the potassium 
salt thus prepared by treatment with diluted HgSO^. 

These preparations are used as substitutes for iodoform^ in the form of 
powder, aqueous solutions or salves (mixed with talc or milk sugar). As a 
powder it is used as a snuff. The preparations are all free from odour. 

Spanish white see “Bismuth colours'*. 

Specific gravity. 


Specific gravities of solids. 



S. G. 


S. G. 

Agate 

2.65—2.67 

Bronze 

7.4—8.60 

Alabaster 

2.61—2.88 

Brown iron ore 

3.80—4.20 

Alum 

1.75 

Brown coal 

1.20 

Alum schist 

2.34—2.69 

Cadmium 

8.66 

Aluminium, chem. pure . . . 

2.6 

Calamine 

2.56—4.41 

“ cast 

2.66 

Calcium chloride 

1.76 

“ bronze 

7.7 

Calcium carbonate, see 


Amber 

1.06—1.11 

“Limb stone” 


Antimony 

6.71 

Calcium oxide, see “Limb” 


“ blende 

4.50—4.60 

Calcspar 

2.62—2.75 

“ sulphide 

4.70—4.85 

Camphor 

0.99 

“ oxide 

6.77 

Carbon from poplar wood 

0.12 

Argillaceous schists 

2.75—2.90 

“ “ fir wood .... 

0.60 

Arsenic 

6.77 

Caoutchouc 

0.93 

Asbestos 

0.91—2.44 

Chalcedony 

2.66 

Asphalt 

1.07—1.16 

Chalk 

2.69 

Baryta 

4,00 

Chromium 

5.90 

Barium 

4.00 

“ oxide 

6.21 

“ acetate 

1.83 

Chrysoprase 

2.48 

“ carbonate 

4.30 

Cinnabar 

8.12 

** nitrate 

2.92 

Clay . . 

1.8— 2.6 

“ sulphate 

4.20 

Clay, fresh 

1.07—2.9 

Basalt 

2.41—2.86 

“ dry 

1.62 

Bell metal 

8.80 

Coal 

1.21—1.51 

Bismuth 

9.40—9.82 

“ trimmed. 


“ oxide 

8.97 

“ untrimmed, 


Blood stone 

4.36 

in small lumps 

0.86—0.95 

Bones 

1.7— 2.0 

ditto in large lumps 

0.96— 105 

Braes 

8.2 

Cobalt 

8.5— 9.5 

Bricks 

1.4—2.30 

“ glance 

6.0— 6.1 

Brick work with lime 


Celestine 

3.96 

mortar: of quarried stone 

2.40 

Coke 

1.4 

of Sand stone . 

2.05—2.12 

“ untrimmed 

0.66 

Bricks 

1.47—1.69 

Colophony 

0.93-1-20 
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Copftl 

Copper, cast 

“ fused 

hammered 

“ glance 

‘‘ pyrites 

“ acetate 

“ oxide 

“ sulphate (cryst.) . 

Cork 

Cream of Tartar 

Cryolite 

Diamond 

Dolomite 

Emery 

Fahl oro 

Felspar 

Flint 

Garnet 

Gorman silver 

Class, Plate- 

“ Window- 

“ Flint- 

“ Green- 

“ Crystal- 

Glue 

Gold 

Granite 

Graphite 

Gravel, dry 

Gum Arabic 

Gum lac 

Gun metal 

Heavy spar 

Hornblende 

Indigo 

Iron cast 

welded 

“ cast steel 

pyrites 

steel, tempered .... 

steel, soft 

Iodine 

Ivory 

J asper 

Kaolin 

Lava 

Lead 

chloride 

carbonate 

oxide 

Leather, dry 

, “ grease 

Lime, quick 

slaked 

mortar, dry 

Limestone 

Magnesia 


1 . 04 — 1.06 

8.79 

8.94 

8.88 

8.70 

4.17 

1.78 
6.43 

2 . — 2.3 
0.24 
1.86 
2.69 

3 . 65 — 3.44 

2.79 
4.0 

4 . 80 — 5.10 

2 . 63 — 2.60 
2 . 68 — 2.59 

3 . 66 — 4.26 
8 . 4 — 8.7 

2 . 37 — 2.56 

2.64 

3.30 
2.81 
2.89 

1.27 
19.36 

2 . 64 — 2.96 
1 . 70 — 2.33 

1.8 

1 . 36 — 1.44 

I . 14 
8.44 
4.56 

3 . 33 — 3.41 

0.77 

7.21 

7.79 
7.92 

4 . 60 — 4.88 

7.82 

7.83 
4.95 

1.83 

2.31 
2.21 

2.80 

II . 39 
6.80 
6.43 

9.28 
0.86 
1.02 

2 . 3 — 3.2 

1 . 3 — 1.4 
1 . 66 — 1.75 
2 . 46 — 2.84 

3.:0 



Magnesite 

Magnesium 

Manganese 

Marble 

Marl 

Mastic 

Mercuric oxido 

Mica 

Minium 

Mother of Pearl 

Moulding sand, stamped . . 

Naphthalene 

Nickel 

Ochre 

Paraffin 

Phosphorus, white 

“ red 

Phosphorbronze 

‘ ‘ iron 

“ copper 

Phosphoric acid 

Pitch, white 

“ blonde 

Plaster of Paris 

Platinum, hammered . . . . 

“ rolled 

“ wire 

Porcelain 

Porphyry 

Potassium 

“ bromide 

carbonate .... 

“ chloride 

“ ferrocyanide . 

“ hydroxide . . . 

“ iodide 

“ nitrate 

“ sulphate 

Pumice stone 

Pyrites 

Quartz 

Rod lead ore 

Red copper oro 

; Resin, pine 

Rook salt 

Rubber 

Ruby 

Sal ammoniac 

Sand stone 

Sapphire 

Serpentine 

Selenium 

Silica, amorph 

“ cryst 

Silver 

“ bromide 

“ chloride 

“ iodide 


3.0 
1.74 

8.01 

2 . 62 — 2.86 

2 . 30 — 2.70 

1.04 

11.07 

2 . 51 — 3.07 

9.10 

2.76 

1.65 

1.05 

8 . 7 — 9.2 

3.5 
0.87 

1.77 
2.18 
8.9 
6.70 
8.9 
1.56 

1.07 

6 . 50 — 6.60 

2 . 17 — 2.31 

20.34 

22.07 

21 . 40 — 21.60 

2 . 15 — 2.39 

5 . 77 — 6.79 

0.865 

2.42 

2.26 

1.84 

1.83 

2.66 

3.08 
1.98 
2.62 
0.01 

4 . 9 — 5.3 
2.65 

5.05 

6 . 70 — 6.00 

1 . 07 . 

2.26 

1.18 

3 . 13 — 3.99 
1.63 

2 . 09 — 2.62 

3 . 13 — 4.83 

2.08 
4.30 
2.2 

2.6 
10.47 

6.35 

6.13 

6.61 
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Specipio GRAvrry. 



S. G. 


S. G. 

Silver nitrate 

4.35 

Uranium pitch blende . . . 

6.60 

Slag (Blast furnaces) .... 

2.6— 3.2 

Wax 

0.96—0 98 

Slate 

2.67 

Whalebone 

1.24 

Smalt 

2.44 

Wood, air dried: 


Soapstone 

2.61 

“ Ash 

0.67 

Sodium 

0.98 

“ Aspen 

0.43 

“ carbonate 

2.47 

“ Acacia 

0.65 — 0.70 

“ chloride 

1.89 

“ Alder 

0.48 

“ hydroxide 

2.81 

“ Beech 

0.73 

“ sulphate 

2.25 

Birch 

0.70— 0.74 

Soil, clay, fresh 

2.10 

“ Box 

0.94 

“ clay, dry 

1.90 

“ Cedar 

0..56 

“ poor, dry 

1.30 

“ Cork 

0.24 

Spermaceti 

0.88—0.96 

“ Ebony 

0.78 

Stearine 

0.97 

“ Ebony, fresh 

1.33 

Strass 

3.60—3.60 

“ Fir 

0.47 

Strontianite 

3.7 

‘‘ Larch 

0.52 

Strontium carbonate 

3.62 

“ Lime 

0.56 

“ sulphate 

3.69 

“ Lignum vitae 

1.26 

Sugar 

1.60—1.62 

' ‘ Mahogany 

0.75 

Sulphur, amorph 

1.93 

‘‘ Maple 

0.67 

“ native 

2.09 

“ Nut 

0.66 

Syenite 

2.6— 2.8 

“ Oak 

0.69 

Talc 

2.7 

“ Pear 

0.60—0.73 

Tallow 

0.91—0.94 

“ Pernambuco 

1.01 

Topaz 

3.60—4.01 

Pine 

0.55 

Tin 

7.29 

“ Poplar 

0.38—0.39 

“ perchloride 

2.26 

“ Red beech 

0.75—0.85 

“ protochloride 

2.29 

“ White deal 

0.56 

Tin-stone 

6.4— 7.0 

“ White deal (fresh) 

0.89 

Tourmaline 

3.02—3.26 

Willow 

0.49 

Trachyte 

2.6 

Zinc, cast 

6.86 

Tragacanth gum 

1,32 

“ rolled 

7.12—7.20 

Tripoli 

1.00—1.20 

“ blende 

4.01 

Tuff 

1.3 

“ chloride 

2.25 

Tungsten 

17.60 

“ spar (Calamine) .... 

4.1— 4.5 

Umbra 

2.2 

“ sulphate (cryst.) .... 

2.04 


Specific gravities of liquids. 



S. O. 

At 

®C 


S. G. 

At 

“C 

Acetic ether 

0.906 

17 


3.187 

0 

“ acid (glacial) . . 

1.066 

15.6 

Butyric acid 

0.96 

15 

Acetone 

0.792 

20 


0.969 

15 

Albumen 

1.041 

16 

Carbolic acid (crude) . . 

0.96—0.965 

15 

Aldehyde 

0.801 

0 

Chloroform 

1.480 

18 

Alcohol (absolute) .... 

0.793 

16 

Coal-tar 

1.196 

0 

Amyl alcohol 

0.810 

20 

Conoaniit nil 

0.926 

15 

Aniline 

1.036 

0 

Colza oil cnirlA 

0.915 

15 

Aniseed, Oil of 

0.996 

16 

“ “ refinod 

0.913 

15 

Beer 

1.02—1.036 


Cotton seed oil 

0.926 

15 

Benzene 

0.899 

0 

CmoAotA oil 

1.04 — 1.10 

15 

Benzine 

0.68 — 0.70 

16 

Ethor (Af.Lyl) 

0.736 

0 

Blubber . 

0.918—0.926 

16 

Glycerine (anhydrous) 
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S. G. 

At 

®C 


S. G. 

At 

®C 

Hydrochloric acid (40o/o 

1.27 

100 

Petroleum, light 

0.796—0.806 

16 

hen 

1.192 

16 

Photogene 

0.78—0.86 

16 

Lavender oil 

0.877 

16 

Pine oil 

0.85—0.86 

16 

Linseed oil, boiled .... 

0.942 

15 

Poppy seed oil 

0.924 

15 


0.789 

0 

Polishing oil 

0.74—0.75 

15 

■VlCbUy* 

13.696 

0 

Rape oil, crude 

0.915 

16 

mercuiy 

Mineral lubricating oils. 

0.9—0.926 

20 

“ “ refined 

0.912 

15 

Naphtha, Petroleum . . 

0.768 

19 

Sea water 

1.03 

4 

Neats-foot oil 

0.916 

15 

Sulphuric acid (66® B6) . 

1.842 

16 

Nitric acid (49.9® B6). . 

1.630 

16 

“ “ fuming . 

1.89 

16 

Oloic acid 

0.898 

16 

Sulphurous acid, liquid 

1.491 

20 

OJiv0 1 

0.918 

15 

Turpentine oil 

0.873 

16 

Palin nil 

0.906 

16 

Valerian, Oil of 

0.966 . 

16 

Petroleum ether 

0.666 

15 

Water (distilled) 

1.000 

4 


Specific heat is the heat required to raise 1 kg of a substance 1 ® C. The 
unit of heat is the calorie (see “Fuels"’). The specific heat depends upon the 

Specific heat of some Solids and Liquids. 


Substance 

Sp. heat 

Substance 

Sp. heat 

Alcohol, absolute 

0.7000 

Pig iron, between 0 and 200 ® 

“ “ “ 0 and 1200° 

0.13 

Antimony 

0.0608 

0.16 

Bismuth 

0.0308 

Platinum 

0.0324 

Brass 

0.0939 

Phosphorus 

0.1887 

Bricks 

0.2410-0.1890 

Silver 

0.0670 

“ fire 

0.2083 

Steel, soft 

0.1166 

Cast iron 

0.1298 

“ hard 

0.1175 

Charcoal 

0.2411 

Sulphur, solid 

0.1764 

Copper 

0.0961 

“ fused 

0.2026 

Glass, brittle 

0.1923 

Sulphuric acid 

0.336 

annealed 

0.1937 

Tin 

0.0662 

Gold .... 

0.0324 

Water 

1.000 

Iron (wrought) 

0.1138 

Wood, oak 

0.5700 

Lead . . 

Mercury 

0,0314 

0.0333 

Zinc 

0.0965 


Specific heat of some Gases and Vapours. 


Substance 

Water 

= 1 

Air — 1 
const, pressure 

at const, vol. 

at const, pressure 

Alcohol vapour 

0.3200 

0.4610 

1.8986 

Atm. aif 

0.1686 

0.2376 

1.0000 

Ji^arbon monoxide 

0.1768 

0.2479 

1.0793 

Garbon dioxide . . 

0.1636 

0.2164 

0.9104 

^^Ler vapour 

0.3411 

0.4810 

2.0236 

Mydrogen 

2.4123 

0.4090 

14.3231 

^*ygen . . . 

0.1548 

0.2175 

0.9180 

Marsh gas 



0.6930 

— 

Nitrogen 

0.1730 

0.2438 

1.0266 

Steam . . 

0.3337 

0v4760 

0.9794 
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Spectrum analysis. 


temperature. As a rule the average specific heat for a certain temperature 
interval is determined. 

When the specific heat is calculated not with reference to the unit of mass 
but to the molecular weight of the substance the value is the molecular heat. 
The Atomic heat of all elements, i. e. the product of the atomic weight and the 
specific heat is approximately constant, about 6.36. 

Spectrum analysis. 

Speotram apparatus: 

Hans Heole, Berlin O. 27. 

Microspectrum apparatus, Mikro-Catalog M 184 P. 87. 88. Spectroscope for visible 
and ultraviolet light Prosp. Mess 153. 

Carl Zeiss, Jena (Germany). 

Spermaceti. A mixture of solid and liquid waxes found in the head of the 
sperm whale. The “oil’" soon becomes cloudy and a wax separates (cetaceum). 
To purify it the wax is strongly compressed and washed with caustic potash 
solution. It is a colourless, tasteless, odourless friable mass with lustre 
like that of mother of pearl. S. G. (at 0.942 — 0.960; M. P. 43.5—49'^. 

Solidifying point 43.4 — 48°; saponification number 108 — 128. It is used 
for the preparation of expensive candles and transparent soaps, for finishing 
and in the preparation of ointments, pomades and drugs. It consists mainly 
of the acetyl ester of palmitic acid and is very difficult to saponify. 

Spermaceti oil is a clear yellow thin liquid, S. G. (at 15*^) 0.875 — 0.884; 
saponification number 132; iodine number 84. 40% is an unsaponifiablo 

solid soluble in alcohol. The oil does not become thick on standing and is 
valued as a lubricating oil (spindle oil). 

Spike oil see “Lavender, oil of”. 

Spinning oil see “Oil“. 

Spirits see “Alcohol”. 

Spirit varnishes see “Varnishes”. 

Spirit soap. General information will be found under “Hard spirits". 
Ointment-like spirit soaps for toilet purposes &c. are obtained according to 
Germ. Pat. 134406 by dissolving about 25 — 35 % soap chips in 80 — 95 % 
alcohol. Germ. Pat. 149793 has for its object the preparation of a spirit 
soap, made of a soda soap obtained from cocoa nut oil, containing a high 
percentage of alcohol. It melts only with difficulty. 

Spodium. Spodium (black spodium) is animal charcoal, while white spodium 
consists of “Bone ash” (q. v.). 

Spodium manafacturing plants: 

Max Friedrich <fc Co., Leipzig*Plagwitz 17. 

Sta^ine. An astyptic obtained from the spleen. It has no ferment action 
since its properties are not destroyed by evaporation. 

Stains, Removal of. . v m 

Grease stains. The articles are usually cleaned by subjecting 
to treatment in revolving drums with benzine or benzine vapours. 
can also be removed from textiles and linen by washing with soap and l 
carbonated Jor caustic soda), and from coloured materials by rubbing 
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benzine, or a mixture of benzine and ammonia. After saturating the material 
on both sides of the spot with the chemical, it is laid between blotting paper, 
and then ironed. A specially strong and powerful agent is formed by mixing 
alcohol, ether and ammonia or by making into a paste benzine and magnesia. 
Benzinoform or carbon tetrachloride (q. v.) is an excellent substitute for 
benzine as is not inflammable. 

A good mixture for removing stains caused by fat or grease consists of 
20 parts of a solution of soap in alcohol, 10 parts of a 10 % solution of ammonia 
and 3 parts of acetic ether. Another equally good mixture consists of 20 parts 
of benzine, 4 parts of ether, 3 parts of acetic ether and 6 parts of turpentine oil. 
An ammonia soap is made as follows: — 50ccm of oleic acid, 25ccm of ether, 
25 cem of chloroform, 250 cem of benzine and 50 cem of a saturated solution 
of sal ammoniac in alcohol are mixed in the same order as given above with 
constant shaking (Wilbert). If a white emulsion is preferred the spirit 
can be replaced by the same quantity of water or even by double the quantity. 

2. Blood. Removed by washing with a cold solution of soap and NagCOg. 

3. (Chocolate stains. These spots must first be treated in the same way 
as grease stains, then rubbed with yolk of egg and finally rinsed with water 
containing NagCO^. Glycerine can also be used for this purpose. The spots 
are simply rubbed with a sponge soaked in glycerine and then washed with 
water or methylated spirits. 

4. Coffee stains. Dichlorhydrin and epichlorhydrin are said to be very 
effective for removing coffee stains. Compare the article on “Chlorhydbines". 
These chemicals are used cold. Glycerine is also a very good agent for removing 
the remaining traces of strong coffee. See “Chocolate stains'' No. 3. 

5. Stbarine stains. These stains can be removed with a hot flat iron. 

6. Fruit, wine, and grass stains. These can bo removed with a mixture 
of 9 parts of a 2 % solution of hydrogen peroxide, 1 part of ammonia and 
20—30 parts of HgO. Hydrogen peroxide will take out such stains from silk, 
copper plate engravings &c. Wine and vinegar stains can also be removed 
with a mixture of 16 parts of soap, 2 parts of turpentine and 1 part of 
ammonia. 

7. Colour stains can be removed from white goods by a dilute chlorine 
solution. Eau de Javelle, diluted with water is an excellent agent. Compare 
“Bleaching". 

8. Gravy and sauce stains. Stains made by greasy sauces are first 
treated with benzine and then with warm concentrated solution of oxalic 
acid, after which the soiled spots are washed with ammonia, and repeatedly 
rinsed very carefully with water, 

9. Ink stains. Spots made by pure iron-gall ink should be treated with a 
concentrated solution of oxalic acid and then covered with tin filings. After 
standing for some time the article must be very carefully washed in warm 
Water because if any of the oxalic acid bo left in the material it will destroy 
the fibre or tissue after drying. 

Spots made by alizarin ink should be first washed in water, then covered 
'^itn powdered tartaric acid and allowed to stand for some hours ; after which 
tne article should be rinsed with water and finally bleached with Eau de 
jQ'Velle. A very reliable method for removing stains made by aniline inks is 
^ fixture of 60 parts of spirit of camphor, 175 parts of an alcoholic solution of 
scap and 12 parts of ammonia, with an addition of 1 part of oil of thyme 
2 parts of oil of rosemary if desired. 

ip* Rain spots. These stains can be removed from velvet by first 
^oistening with distilled water, then with a little ammonia, and finally 
Rawing the velvet carefully over a warm iron or allowing steam to pass 
through the fabric to raise the pile. In each case of course the pile must be 
held upwards and should on no account come into contact with the iron. 
Blucher. 41 
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Stamping mills. 


11. Iron mould and Ink stains on linen. A tin plate containing a not 
too dilute aqueous solution of citric acid, and common salt, is put over a vessel 
full of boiling water, and the stained material is then laid in the mixture 
After the spots have disappeared the article must be well washed. If instead 
of the tin plate a China one should be used, a little stannous chloride 

be added to the mixture. 

12. Tannin and Tannic acid Stains on Linen. These are removed by 
means of lead acetate, or they can be converted into ink with ferrous 
sulphate and then treated according to the method given for ink stains in 
No. 9. 

13. Potassium permanganate or Condy’s Fluid stains. These stains 
can be removed from white materials by means of weak HCl solution or by 
treating them with ammonium sulphide and then carefully rinsing in warm 
HjO. A solution of oxalic acid will serve the same purpose. These stains 
can be removed from the skin in the same way. 

14. Iodine stains. These can be removed by treating with ammonia or 
with potassium cyanide solution. 

15. Acid stains. These stains can be removed by treating them with liquid 
ammonia and then carefully rinsing in water. Stains made by nitric acid 
cannot be taken out. 

16. Caustic alkali stains. Stains caused by lime can be removed by 
treating with acetic acid. 

17. Silver stains should be first soaked in a solution of potassium cyanide 
and then washed with a solution of sodium thiosulphate, or the stains can be 
treated with a potassium iodide solution of iodine and afterwards waslied 
with ammonia. 

18. Tar stains. Tar can be removed from textiles by treating with a 
mixture of alcohol and benzine. The following method is highly recommended. 
The soiled spot is well rubbed with lard or unsalted butter and then warmed 
until the tar and fat become liquid ; the mixture is then rubbed off 
with oil of turpentine, the spots washed with a 10 % aqueous solution of 
ammonia and then rinsed with luke-warm water. If necessary this procedure 
must be repeated several times until the spots have completely dis- 
appeared. 

19. Coal-tar dye stains. These can generally bo removed from white 
goods by repeated treatment with a weak solution of potassium permanganate, 
1 : 1000, the article is left in the solution for several hours each time. The 
brown spots which remain entirely disappear on washing in a warm solution 
of oxalic acid. 

Stamping mills. 

Stamping mills: 

W. Stamm, 26 College Hill, London E.C., Sole agent for Friedr. Krupp A.-G. Qrusonwerk, 

Magdeburg-Buckau, Germany. 


Starch. A vegetable product belonging to the group of carbohydrates. 
It is prepared commercially from potatoes, wheat, maize, rice and other plants. 
The process consists in stripping off the husk and then making a suspension 
of the starch grains in water. Soft, pure, clear water, free from iron is essential 
to the process. 

In the preparation of potato starch, the potatoes which contain about 
20 % staren are first washed and crushed fine by machinery. From the pasty 
mass thus obtained which contains in addition to the starch, cell*sap an 
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cellulose, the starch is washed ]out with water. Brushes are used to facilitate 
the removal of the starch grains from the unbroken cells. The starch is thus 
obtained in a milky state and separated from the residual fibrous matter 
which is used as a cattle food and for the preparation of glucose. 

The brush (extracting) machine is well adapted for this purpose. The brushes 
are arranged spirally round the axis of the machine and cause the potato pulp 
to move from one end to the other. The cellulose constituents are separated 
by sieves of varying degrees of fineness and the milky starch suspension 
runs through into large cemented tanks where the starch sinks to the bottom. 
Troughs inclined at a low angle are preferable for this purpose. The starch 
milk is stored in tanks provided with stirring apparatus and is pumped into 
these troughs where the starch settles more quickly than in tanks : the product 
thus obtained is of a better (whiter) quality. The crude starch is washed in 
tanks with pure water, again allowed to settle, the supernatant liquid removed, 
and the upper layer of starch, which is impure and of a grey colour, scraped off! 
By a repetition of the process a perfectly pure product may be obtained. 
The process of purification has recently been improved by the introduction 
of centrifugal methods, which are also applied for drying the “green*' starch 
(45%H20). The further drying is carried out on basket-work frames or 
in a drying apparatus. In some forms of apparatus the starch during drying 
is kept in constant motion, the product in this case being obtained in the form 
of a flour and not as is usual in lumps. The flour is sometimes further ground, 
During drying the temperature must not rise above 60° or the starch will 
become dusty. 


The so-called Starch glazes are made of potato starch to which borax 
or finely-powdered stearic acid is added. To prepare artificial sago the moist 
starch is rubbed through sieves with a 3 — 5 mm mesh, the granular masses are 
dusted with dry starch and run in rotating drums. The grains are then sorted, 
placed on trays heated to 100° in a room until a glaze is formed, and then 
dried at a lower temperature. 

In the preparation of wheat starch the presence of adhesives makes the 
separation of the starch more difficult. To remove the gummy matter the 
wheat is steeped, crushed, and fermented. (Sour dough or yeast is added for 
the last-named purpose.) At the end of the fermentation process the mass 
is treated first with water in washing drums and then as described above. 

It is more economical to obtain the gummy matter by a “sweet” process. 
The wheat is steeped, crushed, and then immediately washed in special appa- 
ratus. This results in the breaking apart of the tough gum and the starch by 
means of jets of water. The starch is obtained either by allowing to settle, 
or by centrifuging and drying. Wheat contains 58 — 64 % starch and 10% gum. 

In the preparation of rice starch bruised rice is generally used. In order 
to quicken the process the rice is steeped in dilute caustic soda lye. The grains 
are ground wet and caustic soda again added. The starch is washed through 
^ sieve on which the fibrous matter remains. The further treatment is as 
^°^^ihed above. Rice contains 70 — 76 % starch. 

Maize starch is obtained by steeping the maize in pure water or in water 
contaimng SOg at 40 — 50°, separating the embryo mechanically, grinding 
Ihe maize in mills, stirring with water and separating the starch from fibrous 
matter by brushing through sieves. The impurities are removed by washing. 
Mmze contains on an average 59 % starch. 

otarch is used for many different purposes, e. g. as a food, for dressing 
S'brics, for making cosmetics, in paper manufacture, as a thickening in the 
printing of textiles, for making gum, for laundry purposes and in the manu- 
f^ture of dextrin^ and glucose. 


41 * 
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Starch. 


Starches soluble in water may be obtained in various Avays; e. g. a ^^hite 
powder soluble in water may be obtained by adding to the gelatinous mass 
obtained by boiling starch with water. A starch solution may be prepared 
by stirring powdered starch with caustic soda lye. Starch may also be rendered 
soluble by stirring with water and then warming with malt. H2SO4 or bleaching 
powder may be used instead of malt. In order to obtain a thin and at the 
same time efficient starch solution 25 kg starch flour are stirred witli cold 
water and diluted to 100 litres. 12 litres of a solution of bleaching powder 
(5 — 6° Be) are added and the whole heated to boiling. The boiling is con- 
tinned for 25 minutes to allow the Cl to escape. Only at the end are various 
additions made (glue, fat, &c.), 

Germ. Pat. 134301 protects a method for making starch soluble by means 
of persulphates. 

100 kg of starch flour are mixed with 3 — 5 kg of ammonium persulphate 
and 150 litres of cold water and allowed to stand at the ordinary temperature 
for 10 hours (with occasional stirring). Oxygen is evolved ((NH4)2S20g -f HJ) 
= 2 (NH 4 )HS 04 + O) which in the nascent state acts upon the starch and 
makes it soluble. The solution is poured off, filtered and washed until all the 
ammonium sulphate is removed. The starch is then dried. The product gives 
a clear solution with hot water which solidifies on cooling to a gelatinous mass. 
The substance is used in the dressing of textiles. 

According to Germ. Pat. 137330 the starch is warmed with a 1 % solution 
of a liquid organic acid (formic or acetic acid) for 5 — 6 hours at 115® and then 
the excess of acid is removed by distillation. The advantage of the us(‘ of 
volatile acids over the use of non-volatile acids is that subsequent neutriil- 
ization is unnecessary. The method of Germ. Pat. 182558 in which dry starch 
is heated with acetic acid is similar to the above. 

Germ. Pat. 149588 (and suppl. 168980) deal with the preparation of a 
starch soluble in boiling water by treating the starch with chlorine gas and 
then heating the mass to 100®. 

According to Germ, Pat. 156148 the material containing starch is treated 
with excess of KMn04 (more than 1.5 %) at a temperature not exceeding o0° 
until all the starch has been converted into a soluble form. 

Soluble starch may also be made (Amer. Pat. 773469) by heating powdered 
starch to 62 — 63® and then heating at this temperature with a suitable acid 
(best with HCl) in the form of vapour. 

Germ. Pat. 157896 protects a method for the preparation of a starch which 
swells up in cold water. The starch is stirred at a temperature between 10 
and 30® with as much methyl or ethyl alcohol (50—80 %) as is necessary 
to make it into a thin milky liquid, in which the starch is kept in suspension 
by stirring. For every 100 kg of this mixture, 40 kg of caustic soda lye (30® Be) 
is added and the whole becomes pasty. After a few hours some acid (e. g. acetic 
acid) is added, the starch pressed out of the alcoholic salt solution, dried ana 
finally ground. When the product is treated with ten times its amount 0 
water it swells up in a short time to a paste-like mass. This product is very 
suitable as a substitute for various technical purposes, e. g. dressing of textiles 
and the manufacture of pastes (adhesives). 1 ^ n 

According to Germ. Pat. 166259 starch is mixed with a warm 
of NagSOd, a mixture of NaOH and Na2S04 solutions added, pressed at e 
standing for ten minutes, and the starch then dried and powdered. 1 
product swells up and becomes pasty on addition of HgO. 

According to Amer. Pat. 813647 soluble starch may be made by » 
dry starch and dry bleaching powder with NaHCOg (?). , jg 

According to Germ. Pat. 179509 compounds of starch and formaldcnv 
may be obtained in presence of an alkali. These Formaline starches sno 
prove of use as disinfectants, in medicine and in the textile industry. 
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Test. The nature of the starch (wheat, rice, &c.) must be determined by 
microscopic investigation. ^ 

The water is estimated by heating 10 g starch for an hour to 40— 50®, then 
for four hours to about 120® and weighing after cooling in a dessicator. It is 
important that the first heating should not take place above 60® or the starch 
becomes paste-like. Good starch should not contain more than 20 % 
water. 

If acids are present Saare recommends their estimation as follows : 26 » 

starch are stirred with 30 ccm HgO to form a thick paste. This is then titrated 
with N/^pNaOH until a drop of the solution placed on a filter paper folded 
several times is no longer coloured red by litmus. A control experiment is also 
carried out using neutral starch. If for 100 g of starch 5ccm N/^q NaOH are 
necessary, the starch is described as slightly acid, if 8 ccm, as acid, and if 
more than 8 ccm as strongly acid. 

The adhesive power is best determined according to Scheib by mixing 
the starch with water and boiling over a Bunsen burner until the paste is 
transparent and beginns to froth. The burner is removed and the paste 
well stirred. With a normal starch, 4 g and 50 ccm of water give a paste 
which sets on cooling and cannot be poured out of the disli. The heating must 
not last for more than a minute. 

Other impurities are estimated in the ash or in the residue left after dissolving 
out the starch. Or the starch may be brought into solution by boiling with 
water and then treating for 2 hours with normal malt solution (100 g malt in 
I litr(^ water) at 65®. The solution is then treated with HNO3. 

Starches : 

R. Proston & Co., Bury, Lanca. 

Uanufacturing apparatus: 

Friodrich Heokmann, Berlin SO. 16, Briickenstr. 6b (see advts.). 

Soluble Starches: 

LouIh Blurner, Zwickau Sa., Germany. 


Steam turbines. Steam turbines have lately caused considerable interest. 
They are already occupying a prominent position amongst motors, and it is 
even conceivable that they will entirely replace the old piston machine 
in certain well defined directions, e. g. in working electric generators, and 
conse(juently in many branches of chemical industry, in which the importance 
of electricity is increasing from year to year. 

The principle of steam turbines is that the steam is forced against the blades 
01 a wheel thus causing it to rotate. 

The arrangement of the Parsons’ turbine is such that the blades form a 
number of systems arranged concentrically about a horizontal axis. This 
arrangement of a larger number of systems on a common axis is the cause of 
''he relatively small number of revolutions in Parsons’ turbine, as the various 
systems have to share the total pressure, or total velocity of the steam, each 
system utilizing only a fraction of the total pressure, or velocity of steam 
S'nd transferring it to the axis. In order that a rotating movement should 
®nsue it is not sufficient to apply a certain steam pressure; the steam must 
^-'^e a certain direction, so as to strike the blades in the proper way. For this 
purpose the Parsons’ steam turbine possesses a second system of blades, 
rigidly mounted inside a cast iron cylinder, and in such a way that the various 
rings correspond to each other leaving a space of 3 — 4 mm between. 

^Numerous impartially- conducted experiments have shewn that good steam 
in can compete with the best piston machines, in economy as well as 
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Steam, superheated. The object of superheating steam is to effect a smaller 
consumption of steam for a certain amount of work done by an engine. The 
steam must be prevented from condensing in the pipes and cylinders on 
entering. A considerably smaller amount of steam is also necessary when 
it is superheated for cooking-, heating-, and drying purposes. In these cases 
moist steam is mixed with superheated steam, the object being to avoid loss 
by condensation. The efficiency of this process is based on the fact that moist 
steam condenses rapidly in the long pipes in consequence of its low tern- 

E erature, while superheated steam, also at a lower pressure, does not condemse 
efore dropping to the temperature of the moist steam. Another point worthy 
of notice is that the exhaust steam of machines working with superheated 
steam is of much more use in heating and drying. When strongly superheated 
this exhaust steam is even sufficient for boiling purposes in paper mills, 
chemical works, &c. 

As the heating gases of the boiler arc better utilized by conveying heat to 
the wet steam flowing through the superheater built into the flue, and as the 
effect is heightened by enlarging the volume of the steam by superheating, 
(or, as a smaller amount of steam is then used) the economy of steam, or the 
corresponding economy of coal with a good superheating apparatus and 
proper arrangement reaches as much as 30 %. 

Additional heat increases the volume of the steam without changing tlie 
pressure; the volume increases with the temperature of the steam. Wlien the 
pressure is 10 atm. (~ 183 the volume increases by 

about 18 % by an increase of 70*^0 = 253® C, 

“ 22% “ “ “ “ 100®C = 283®C, 

“ 33% “ “ “ “ 150® C = 3330 c. 

Therefore the steam required diminishes by the same amount as the volume 
is increased, since for the same effect, a quantity or weight of steam is used 
smaller in proportion to the increase of the volume. Another advantage is the 
absence of condensation, so that the entire saving of coal duo to saving of 
steam is 15 — 30 % according to the conditions and the degree of superheating. 
An additional convenience is that the machine is working with practically 
dry steam, so that the danger caused by the presence of water is avoided. 

The best and most effective manner of superheating is to build suitable 
apparatus into the flues, either into the first, or between the first and second 
so that sufficient heat may surround the superheater. 

Steam engines; 

Wegelin & Huebner A.-G., Hallo a. d. S., Germany. 

Steam apparatus in metal and in all sizes; 

Volkmar Haenig & Comp., Heidenau -Dresden, Germany (see front part advt.). 

Steam apparatus; 

Friedrich Heckmann, Berlin SO, 16, Briickenstr. 6b (see advts.). 


Stearine. A triglyceride of stearic acid which together with palmitine and 
oleine is found in most fats. The commercial stearine is a mixture of stearine 
and palmitine from which the oleine has been removed. Tallow, palm oi , 
cocoanut oil, dripping, &c., are melted and allowed to cool very slowly: tn^ 
oleine is then removed by pressure : the melting and the pressing are repeate 
several times. 

The removal of the oleine by this method is only partial : much more c 
plete is the separation involving the saponification of the fats, melting 
fatty acids so obtained, allowing them to cool and then separating the Uq 
oleic acid from the solid stearic and palmitic acids by hydraulic pressu 
Such a mixture is known commercially as stearine. 
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The modem method of saponification is to heat the fat in autoclaves with 
lime, or better with magnesia (2 %) at a pressure of 9 atmospheres : the fatty 
acids are then separated from the magnesium soaps by boiling with dilute 
sulphuric acid and drying at 105 — 110^. In order to remove impurities 
and to decompose unaltered fats the dry fatty acids are treated with 2 % of 
sulphuric acid (66° Be), the acid removed by washing, the fatty acids dried 
and then distilled. 

At first the pressure is applied cold and then at a temperature of 35 — 40®. 
The hard, white cakes are then cut at the edges (since they still contain oleic 
acid, q. v.) melted over sulphuric acid and the acid finally washed with water. 
If the stcarine is required in a pure state it must be recrystallized from alcohol 
or some other solvent. 

In the large American slaughter-houses the fat is melted, stirred with 
petroleum ether to a paste and the oleine removed by pressure. 

The stearine is then rccrystallized several times from petroleum ether, 
and is sold in two grades. 

A series of methods has been proposed for converting liquid into solid fatty 
acids (see “Fatty acids'’) Almost the whole of the stearine produced is used 
in the preparation of candles. Glycerine is the usual by-product. 

Stearine- manufacturing apparatus : 

Friedrich Hookmann, Berlin SO. 16, Briickenstr. 6b (seo advts.). 

Stearine pitch: 

Voigt & Co., Dresden-N. 

Steel. Iron containing 0.4 — 0.5 % carbon cither as hardening carbon or as 
iro near bide FcgC. Steel is malleable and can be welded and tempered ; M.P. 
1300 — 1800 ®. Wo have to distinguish between steel obtained in non-liquid 
condition and ingot steel, Maetin steel, Bessemer steel, &c.) obtained in a 
liquid state. Further details see under “Iron”, “Ingot iron” and “Wrought 
iron”. 

Steel is refined by rcmelting, when it is called “cast steel”. 

See also “Iron alloys”. 

Experiments for making steel directly from the ore by electrical methods 
are gaining importance. 

The most important methods of producing steel in electric furnaces are 
those of Stassano, Heroult, Keller and Kjellin. These and other methods 
may be divided into two classes, the first containing those which work with 
carbon electrodes; (e. g.) Stassano, Keller, Heroult, Harmet and Couley. 
The second class consists of those in which carbon electrodes are not used 
(K.tellin, Gin, Girod and Ruthenburo). 

The oldest process is probably Stassano’s (Germ. Pat. 141512). High pe^ 
centage iron ores made into briquettes with charcoal &c. are smelted 
in the electric arc of 1 m length (at 2000 amperes and 170 volts alternatmg 
current). The furnace used is now similar to a Martin furnace; there are three 
pairs of electrodes reaching into the furnace from the side and not coming 
into contact with the ore. In Stassano’s process the mixture of ore, carbon and 
limestone must be finely powdered, and in a proportion corresponding exactly 
fo the composition of the ores. Recently rotating furnaces have been success- 
mlly used by Stassano. , 

In Keller’s process (Germ. pat. 122271) two furnaces are built one over 
Ine other. The upper produces crude iron from ore, i. e. acts as a blast lum^e 
^ough the required temperature is obtained by electricity instep of by coke. 
The pig iron from this resistance furnace is then refined m the lower one. 
I^cn the pig iron is prepared in the ordinary blast furnace, the resistance 
'^rmace is of course not used. 
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Heroult prepares tool steel by smelting a mixture of cast iron and steel 
chips is furnaces turning like Bessemer vessels, heated by two alternating 
current arcs (each of 60 volts 4000 amp). 

Harmet’s process (Germ. Pat. 142763 and 143111) and that of the Syndicat 
de Vacier Gerard also inolve the use of pig iron ; the gases rich in CO escaping 
from the mouth of the electrothermic furnace are drawn off and re-introduced 
from below and again take part in the reduction of the ore. 

The most elegant and probably most hopeful process for preparing steel 
electrically is that of Kjellin (Germ. Pat. 126606). A mixture of cast and 
wrought iron is used without carbon electrodes; the furnace consists of a 
transformer in which the liquid steel takes the place of the secondary coil, 
(high current intensity and low voltage) while the primary coil receives altcn- 
nating currents of small intersity. In Gysinge (Sweden) this nn^thod 
is already used on a large scale; the most important feature is that the 
steel produced by Kjellin’s method is of excellent quality (equal to 
crucible steel.) 

In the method of G. Gin (Germ. Pat. 181888) the furnace consists of a 
smelting chamber in which purification and oxidation are carried out simul- 
taneously, a second chamber for deoxidizing and carbonizing, and a third in 
which the final composition of the steel is regulated. 

The electrodes in the first compartment are connected with one of the 
poles, and those of the other two connected in parallel with the other pole. 
The current passes from the electrodes to the metal through a layer of fused 
slag floating on the surface, and the resistance due to this is sufficient to give 
the Joule effect. In the first compartment the slag is oxidizing, in the others 
it is neutral. Fused pig iron is introduced, it distributes itself through the three 
compartments which are connected by canals, the current is passed and the 
electrodes raised or lowered as required. 

A new induction furnace (Hiorth’s system) consists essentially of two 
Kjellin furnaces placed side by side. 

Ruthenburo’s method (Germ. Pat. 138659) does not yield liquid metal. 
It may be used for fine-grained or powdered ore unsuitable for treatment in 
the usual blast furnaces. The ore runs down between two roller-shaped 
electromagnets covered with a layer of retort graphite and revolving slowly. 
The carbon layer is connected with an electric current which passes through 
the ore. The latter becomes hot, melts or sinters and drops into a pit; it is 
now ready for the usual furnace treatment, and is improved considerably 
by having lost a certain amount of sulphur and phosphrous. 

The other methods of producing steel by electric methods are less important 
and are omitted in detail though mentioned above. 

A Canadian commission has lately inquired into the most important of 
these processes at the places of their application. According to their estimate 
the current used in the steel processes is the following: 

Heroult process 1100 and 718 K. W. hours ) 

Keller process 804 K. W. hours > per ton of steel. 

Kjellin process 832 and 1040 K. W. hours ) 

The current used in preparing pig iron by the same process is: — 

HEROULT-process 3380 K. W. hours. 

Keller process 3420 K. W. hours. 

They conclude that crucible steel may be prepared in electric furnaces 
which is just as good and is cheaper than that obtained by the usual proces.se • 
The electric preparation of ormnary steel for construction purposes 
compete with the Bessemer and Martin process. The electrical 
of pig iron could compete with usual methods only in districts where electric > 
is very cheap and coal very dear. 
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Steel plating. This method is generally employed for increasing the dura- 
bility of copper plates and cliches. The very thin light grey iron film possesses 
♦he hardness of steel and retains all details of the original plate. 

A suitable steel bath is 26 g pure ferrous sulphate and 12g pure ammonium 
chloride, dissolved together in 1 1. distilled H^O. The anode is an iron plate; 
the distance between the anode and the cathode to be steel-plated is as a rule 
about 5 cm. The current density for steel plating is not very great, as a rule 
002 amperes per sq.dm. The voltage should be 1.0 — 1.25 volts at first and 
;^ihen a fine film has settled 0.7—1 volt. A deposit O.Ol mm in thickness 
reouires about 30 hours. 

A steel bath recommended by R. Namias consists of 40 g ferrous sulphate 
with 100 g ammonium chloride in 1 1. water; it is well to add 100 g ammo- 
nium citrate so as to prevent a basic iron salt from separating, especially on 

the anode. , , , . i i m- 

According to Germ. Pat. 137325 a steel bath is prepared by boiling iron 
or steel turnings with a solution of KBr and NH4CI for 4 hours ; the anodes 
are plates of cast iron. 


Stirring Apparatus. 

Stirring apparatus and stirring boilers of metal: 

Volkrnur Haenig & Comp,. Heidenau-Dresden, Germany (see front part advt.). 

Stirring-Plants : 

Wegelin & Huebner A.-O., Halle a. d. S., Germany. 

Stomosan. Trade name for ethylamine phosphate. It is said to be used 
medicinally. 

Stones, artificial. The manufacture of artificial stones is connected to a 
certain extent with the production of “Mortar and Cement (q. v.), 
because artificial stones are substances made from stones of various in s, 
the refuse of various industries, &c. by combining them with some adhesive 
into a solid mass; the adhesive employed in most cases is either mortar or 
cement. The materials employed as bases for artificial stone are glass fragments, 
slags, flints, lava, refuse slate, sediments, broken marble, gypsum, pow ere 

brick and so on. ji • 

The different kinds of artificial stones are classed according to the adhesive 

used under the following heads: — 

1. Stones with air, water or gypsum mortar. 

2. Artificial stones with magnesium cement as adhesive. 

3. Artificial stones with water glass as adhesive, and 

4. Artificial stones with an adhesive of organic nature. 

Lime sandstones are the most important of that class m w , 

used as the adhesive. Compare for details the article on 
material known as Beton (q. v.) should also be mentioned here; the adnesive 
employed is in this case cement. mnkft 

So very many novelties in the way of artificial stones co 
their appearance that it is impossible to consider them all. 
however, in a few cases only is there anything really new to repo . . 

Attempts have been made for some time, especially m Ai , 

artificial stones with magnesium cement. Magnesite is in 0/ 

ature, and ground sand is added so that the mixture g 

of MgO. Ifgci, solution of 20-30»Be is used f°rjnixing. The product j 
pressed into the required form and the stones can be used g P 

poses after the short space of one week. Kv intimatelv 

According to Germ. ftvt. 56067 artificial stones are 
mixing 10(^150 parts of freshly pricipiteted caserne with 50-60 parts ot 



660 


Stones artificial. 


calcium and magnesium hydroxides, 10 — 20 parts of glycerine, 10—20 parts 
of potash or soda waterglass and 5 — 10 parts of drying oil, adding sufficient 
shavings to make a thick paste. The substance is then compressed into the 
desired shape dried at 20 — 30® and finally ground and polished. 

The organic substances used as adhesives are tar, asphalt, and rosin. 

There arc many methods known for making artificial marble. One method 
is that of burning common plaster of Paris as slowly as possible. This durable 
product is very firm and of fine crystalline consistency. Another form of 
plaster marble is composed of equal parts of gypsum and sharp sand. The 
mixture is stirred up with glue and coloured with the ground tone of the 
marble it is intended to imitate. A material resembling marble is also made 
from plaster by adding pure gyspum to the substance and adding different 
kinds of colouring matter. After the substance is dry and hard the rough 
inequalities are taken off with a plane, after which it is polished first with 
coarse and then with fine sandstone or polishing stone till the surface is quite 
smooth and bright. According to Germ. Pat. 138689 marble, onyx and coloured 
stones are made as follows : A solution of alum in water is added to a mixture 
of heavyspar and colouring matter previously moistened with HgO ; it is then 
cooled with continual stirring and finally poured into moulds. About 1000 parts 
of alum are dissolved by heat in about 100 parts of water; as soon as the 
solution begins to boil 10 — 100 parts of heavyspar mixed well with pigment 
and water are added; the whole is then evaporated until is has lost about 
3 % of its weight, when it is allowed to cool with continual stirring to a thick 
fluid. The product is then poured into moulds lined with several 
coatings of collodion and left to solidify. Onyx is imitated by previously adding 
coloured pieces of alum to the above mixture during the process. 

The following later patents for the production of artificial stones should 
also be mentioned. Artificial stones made of slate are, according to (lerm. 
Pat. 144284, obtained by moistening finely powdered slate with dilute hydro- 
chloric or nitric acid, treating the mixture with steam, pressing into moulds, 
drying the stones in the air and finally hardening them by means of com- 
pressed steam. 

Germ. Pat. 144352 and 144457 give particulars for the production of arti- 
ficial stones from rubble and tar by special methods. 

According to Germ. Pat. 146244 unburnt gypsum together with some mine- 
ral containing magnesium silicate is added to molten waterglass, after which 
the mixture is moulded to the required shape and the stones brought to a 
red heat. 

Germ. Pat. 149135 protects a process for making stones by mixing Permian 
limestone and cement with a small quantity of magnesia moistened with 
water. The mixture is poured into moulds, and the stones afterwards dried in 
the air. It is stated that itisunneccessary to harden them by treating with steam. 

According to Germ. Pat. 151252 concentrated hydrochloric acid is allowed 
to act upon magnesia after which the acid is neutralized with excess of mag- 
nesia, and finally some sort of filling such as ground asbestos is added. 

Germ. Pat. 152190, supplement to Germ. Pat. 138058, protects a method 
of making stone by mixing sand or slag rich in silica, slaked lime and the re- 
sidues from the soda industry, in vertical mills, with a plentiful supply of 
water, pressing the product into moulds and then hardening by means of 
compressed steam. 

Germ. Pat. 154625 makes use of a strongly compressed mixture of super- 
heated steam and purified furnace gases for hardening plastic substances 
made of slag, peat, straw and refuse wood, sand and slaked lime. 

According to Germ. Pat. 164760, fire-proof articles are made from a mixture 
of powdered chrome ore with fire-brick dust and aluminium hydroxide. 
After being moulded, stones made of this mixture are burnt. 
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Germ. Pat. 154975 protects the preparation of sand stones in which the 
adhesive is magnesia instead of lime. 

Artificial granite (Amer. Pat. 776460) is made by adding powdered mica 
and a coloured oxide to molten glass and then devitrifying by very gradually 
cooling the casting. 

According to Germ. Pat. 159469 good fire proof materials can be made from 
aluminium hydroxide with quartz or fireclay .This patent differs from the 
previous one only in the omission of the chrome ore. 

^ Germ. Pat. 161641 protects a very original method for producing porous 
stones by adding fragments of ice to the mixture of cement with slag sand or 
irravel or gypsum with slag, &c. The mixture containing the ice is pressed 
into moulds and as the ice at once begins to melt this process is supposed 
to make the product porous ( ?). Germ. Pat. 162858 protects another method 
for making stones of sand and chalk, with fatty substances such as linseed oil 
varnish, fat or wax as adhesives. The material is allowed to become almost 
dry as a loose powder in the air. It is then formed into stones which are 
finally hardened by heating to 120—1 80 « for 24 hours. 

The product which comes on the market under the name of wood stone 
or xylolith is treated of in the article on “Wood, artificial”. 

Compare also “Plastic substances”. 

Stone breaking machines: 

W. Stamm, 26 College Hill, London E.C., Solo agent for Friodr. Krupp A.-G. Griwoiiwor k , 

Magdeburg- Buckau, Germany. 

Max Friedrich & Co., Leipzig-Plagwitz 17. 


Stoneware. Goods of stoneware are porous structures covered with a glaze. 
The following kinds are distinguished: — 

1. Fine fayence; 

2. Common fayence or majolica; 

3. Crockery ware. -ii i i 

English stoneware of fine fayence has transparent glazes, either colourless, 

in whitdi case the underlying colour is visible, or coloured when 

colour appears translucent. The glaze of majolica is opaqut^ (due to on ^ 

and is either white or coloured. The colouring is brought on to the glaze an 

then burnt in. , . , i uv i 

For the preparation of stoneware a greasy clay which burns white is 
with quartz or a finely -ground fire-clay. The proportions vary:— clay from 6t> 
to 65 %. quartz 35 to 60 %. The glazes, which are burnt m at a much lower 
temperature than is used for firing, are cither lead alkali silicates or m t o 
case of leadless glaze, boric acid glazes. a t 

In the manufacture of majolica the alluvial matter is washed and treed 
from coarse stones and mixed with the requisite quantity of chalk an 
times with fine yellow sand (to thin down the clay). The mixture con am 
from 25—40 % CaCOg. The glazes consist of lead silicates made opaque oy 
the addition of SnOg- 

Stoneware Vessels: 

fj- Chr. Fikentsoher Ltd.. Zwickau Sa., Germany (see front Rheinland 

Wofltdeutsche Steinzeug-, Chamotte- und Dinaswerke G. m. b. H., Euskir 
(Germany) (see front part advt. p.). 

Stopcocks. 

Stopcocks of stoneware: 

Chr. Fikentecher Ltd., Zwiekau Sa., Germany («a front Rheinland 

Westdeutsch. Steinzeug., Chamotte- und Dinaewerke G. m. b. H., buskirchen, ttnemian 
(Germany) (see front part advt. p.). 
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Stopcocks o! metal: 

and pressing the bark with water. l 1 » preparea Dy extractmi- 

The hqu^id storax so obtained is a tough brown mass which dric^ , 
gradually but always remains sticky. It is purified by warming on the wna? 

i^n eviporating the solution ^t i, 

m medicine pd in perfumery It contains large amounts of esters of cinnami? 

benzoic acid (styrol and styrazine). 

obH Lh K, solid or red storax (Slyrax caUtmita) is a synthet c product 
obtained by compressing a mixture of a poor quality of storax and .sLC 

carS*“® "" hydrochloride of benzenedimethylaminodimethyletl>yl. 

N(CH3)j . HCl 


• 0 . CO . C»H, 


a1eohnl^t«, ^ •®'“T “ HaO and methyl 

tmuorHif »s » f “^st insoluble in ether. It is a local anaesthetic, 

t^Jie th»n substitute fot cocaine, as it is very effective and much less 
toxic than cocaine itself. 

‘If imitate precious stones. The 

^ o fP J- Stbasser, a Viennese goldsmith. Strass 

contains more than 50 % of lead oxide. The materials Led must be very 

diamonds) a mixture of 100 parts sand, 
manfro ““"‘u™ parts KjCO,. 20 parts borax, I2parts saltpetre and 0,4 parts 
manganese dioxide is used. ^ ^ 

fusing colourless strass with metallic 
oxides, the quality of the product depending upon careful mixing and molting 
imitating details. According to Donault the following are the mixtures, 

Amptf'w Iaaa SpartsCuO, 0.2 parts CrjOj. 

1000 “ “ 8 parts Mn’o,, 6 parts &.’ 03 , 0.2 

.PAP .. „ , _parts purple of Cassius. 


1000 “ “ 16‘parts'Co„0,. 

°P®^ 1000 “ “ 40 parts antimony glass, 1 part 

T> 1 o u purple of Cassius. 

4 . r 1 part of the topaz mixture. 

1000 ‘ “ 500 parts antimony glass, 4 parts 

purple of Cassius and 4 parts 
fen203. 

~ ^7.62. Occurs in the minerals strontianite SrCO, 
and celestme SrS 04 . The metal which resembles brass in colour is obtained 
by the electrolysis of fused SrClj in presence of NH4CI. According to Borchers 


Ruby g 

Garnet 1000 
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Stockem it may readily be prepared by the electrolysis of fused SrCL 
when the wall of the cell is the anode and a small iron cathode is introduced 
from below into the fused mass. With suitable cooling arrangements the Sr 
can be obtained in balls 10 mm in diameter. They form on the cathode and 
can be removed from the cooled melt. 

Sr can also be obtained by heating strontium amalgam in a current of 
hydrogen : the amalgam is obtained by plunging sodium amalgam into a 
hot saturated aqueous solution of SrClg. The metal decomposes water at the 
ordinary temperature, oxidizes in the air and when ignited burns with a red 
flame. It has no technical value. 

Strontium compounds. 

1 . Strontium acetate. Sr(C2H302)2. Obtained by decomposing SrS or 

SrCO., with acetic acid. , , . rr ^ j 

2. SmoNTiUM chlorate. SrfClOgla- SrCOg is suspended in HgO and Cl 
introduced. Electrolytically it may be prepared in a manner analogous to that 
used in preparing barium chlorate (see No. 4 “Barium compounds”). 

It is used in pyrotechny to give red effects. 

3 Strontium chloride. SrCla- Obtained on a large scale by treating SrS 
with HCl and evaporating to crystallization. With GHgO it forms colourless 
crystals, very soluble in H2O. It is also used in pyrotechny. 

‘4 . Strontium HYDROXIDE, see No. 8 “Strontium oxides. 

5 . Strontium carbonate. SrCO,. Occurs naturally as strontianite, ob- 
tained artificially by treating SrS withC02,or from strontium salt sdutions 
by precipitation with alkali carbonates; also by melting SrS04 with NagCO^ 
or (Germ. Pat. 120317 and 121973) from SrS04 by the action of OO2 and 
an alkaline carbonate under pressure. According to Germ. Pat. 131566 SrCOg is 
obtained from SrS04 by treating the latter with COg in a solution of sodium 
phenate; the reaction is expressed by the following equation: 

2 C.Hs . ONa + SrSO, + CO, + H,0 = 2 CeH^ • OH + SrCC), + Na^feOj. 

In the filtered solution the sodium phenate is reduced by adding CaU,OabU4 

being formed: „ 

2 Cetls . OH + NajSOj + CaO = 2 . ONa + CaSO, + H,0. 

According to Germ. Pat. 160343 SrCO, is prepared from strontium residues 
by converting the strontium of the raw material into SrClg by means of MgUl2. 
The MgO formed is separated after extracting the SrCL and is used together 
with CO2 to convert the SrClg into SrCOg; the process is evidently a com- 
plete cycle. . Cl C 

6 . Strontium nitrate. Sr(N03)2. Obtained by treating SrC03 or brb 
with HNO3 and evaporating to crystallization. White anhydrous crystals, 
readily soluble in H2O, scarcely soluble at all in absolute alcohol; it also crys- 
tallizes with 4 HoO in efflorescent crystals. Used in pyrotechny. 

7. Strontium oxalate. 810204. Obtained by precipitating solutions of 
strontium salts with oxalic acid. 

8 . Strontium oxides. . „ ^ 

a) Strontium oxide SrO. Obtained by heating Sr(N03)2 
heat; it may also be prepared from SrC03. Accordmg to Oerm. Pat. 

SrO is produced by reducing Sr salts (especially SrCC)3) with strontium car- 
hide, the materials being mixed and heated in absence of air, the reac ion is 
expressed by the following equation: 

3 SrCOg + SrCa = 4 SrO + 5 CO. 

b) Strontium hydroxide Sr(OH)2. It is as a rule p^pared from 
converting the latter into SrS, extracting this with H2O 
solution with copper oxide. It is also obtained by slakmg St 

amounts of HjO. By a patented electrolytical method for the preparation 
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of Sr(0H)2 SrClg is decomposed, a soluble metallic anode being used. Sr(OH) 
is a powerful base, dissolving in water with evolution of heat, and crystallizina 
from a hot saturated solution with 8 HaO. ^ 

Strontium hydroxide is important as a means of extracting the siurar in 
molasses (see “Molasses”). 

c) Strontium peroxide. SrOa- Hydrates of this compound are obtained 
by the action of hydrogen peroxide on an aqueous solution of Sr(OH)2. When 
strontium peroxide hydrate is heated to 100 ^ the HaO escapes and SrO, 
remains as a whitish powder. “ 

9. ^ Strontium sulphate. SrS04. Occurs naturally as celestine, obtained 

artificially from solutions of strontium salts by precipitation with Ho80 
or soluble sulphates. A white precipitate, soluble in 7000 parts HjO. “ ^ 

10. Strontium sulphide. SrS. Obtained by strongly heating SrSO^ 
with C and extracting the melt. It is used chiefly for the preparation of otlier 
strontium compounds (acetate, chloride, carbonate, nitrate, hydrate). 

11. Strontium peroxide, see No. 8 “Strontium oxides”. 

12. Strontium tartrate. SrC4H40e. Obtained by precipitating con- 
centrated solutions of strontium salt with tartaric acid or ammonium tartrate. 

Strontium compounds: 

Willy Manger, Dresden, Germany. 

Strophanthine. Two preparations obtained from Strophanthus Komhe 
and other species of Strophanthua are sold. The amorphous form is us(d 
medicinally. It is a strong poison acting on the heart. Its action is similar 
to that of digitaline. 

Strychnine. CgiHggNgOg. An alkaloid occurring in various plants. To pre- 
pare it the seeds of Strychnos Nux vomica (India and North-Australia) are used. 

It is prepared by two distinct methods. The crushed nuts are moistened 
with H2O until they swell, when they are ground to a slimy pulp which is 
extracted with hot alcohol; the alcohol is removed from the extract by distil- 
lation. The remaining aqueous extract is mixed with lead acetate solution in 
order to separate impurities, the excess of lead being removed byHgS or H2SO4. 
The alkaloids are precipitated from the purified solution by caustic soda. 
The strychnine is almost completely separated, while brucine (q. v.) also 
present with the alkaloids of the Strychnos species, remains dissolved as it is 
more readily soluble. According to the second method the seeds are boiled 
for 24 hours with water containing sulphuric acid. This boiling softens them 
completely. They are then pressed well and the alkaloids separated from 
the dark-brown clear liquid by excess of quicklime. The alkaloids are again 
extracted from the precipitate by boiling dilute alcohol after which the process 
is the same as above . Crude strychnine is freed from brucine by treating the 
dried mixture of alkaloids with concentrated alcohol which easily dissolves 
brucine without dissolving much strychnine. 

The free strychnine base forms colourless anhydrous crystals, melting with 
decomposition at 260®. 

Strychnine is a very powerful poison; it is used medicinally in the form 
of its salts. 

Stypticine. (Cotarninum hydrochloricum.jCoiaii^o is formed when lukewarm 
nitric acid is allowed to act on narcotine; after the reaction the solution is 
filtered, the cotamine in the filtrate precipitated by caustic potash, recrystal- 
lized several times, dissolved in the calculated amount of HCl and the solution 
evaporated in desiccators. ^ 

Yellow, crystalline powder, readily soluble in HgO, prescribed internally 
and subcutaneously to stop bleeding. 
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Styptogan. An astyptic used externally. It consists of a paste of vaseline 

and permanganate. 

Styptol. The cotarnine salt of phthalic acid. It is used medicinally like 
stypticine to stop bleeding. 

Styracol. The cinnamic acid ester of guaiacol 

CeHs . CH : CH . CO^ . CeH^ . CH3. 

It is used medicinally as a tasteless and odourless substitute for guaiacol 
(q, V.). It decomposes into guaiacol and cinnamic acid in the intestines. 

Styriix, see “Storax’’. 

Subcutine p-phenol-sulphonic-acid salt of paraamido benzoic acid ethyl 
ester, i. e. of anaesthesin (q. v.). 

. SO3H . C3H4OH 

CeH/ 

Colourless and odourless fine crystalline needles M. P. 195 . 6 °, sparingly 
soluble in HgO. Said to be a good local anaesthetic. 

Suberitc, A substitute for cork, made according to a patented method of 
cork (diips and an adhesive. In general it exhibits all the characteristics of 
natural cork, is entirely water-, weather-, and frost-proof, resists the action 
of boiling water and hot vapours, spirits, benzene, petroleum, carbon bi- 
sulphide, turpentine, HCl, &c. It is used as a substitute for bottle cork, 
bungs, &c., and as a polishing material. 

Sublamino = mercury sulphate-ethylenediamine. HgS04. 2 C2H8N2.2 H2O. 
A very powerful germicide. An excellent substitute for corrosive sublimate 
for disinfecting the hands and skin. 

Sublimation. The process of sublimation is used for various purposes, 

g. purification of ammonium chloride (see “Aimmonia compounds'"), 
anthracene, benzoic acid and iodine. 

Apparatus for subliming: 

'olkmar Haenig & Comp., Heidenau-Dresden, Germany (see front part advt.). 

Substantive dyestuffs. These are dyestuffs which have sufficient affinity 
for the cotton fibre to render unnecessary the use of mordants. They are 
called direct or substantive cotton dyestuffs and are the alkali salts of aromatic 
sulphonic acids; usually they are disazodyestuffs (q. v.). To this group 
also belong the so-called sulphur dyestuffs. 

On account of the case with which they can be applied the employment of 
them is increasing. 

The dyestuffs which in opposition to the above, require the assistance of 
oiordants are less used and are called adjective dyestuffs. See “Basic 
i^yestupfs", “Mordant dyestuffs”, and “Acid dyestuffs”. 

Succinic acid. 

CHg-^COOH 
dlHj — COOH. 

Is found in amber, in certain kinds of brown- coal and resins and in many 
Auimal and vegetable fluids. 
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the ‘*''“,P“tfttjon of 

matic substances it is boiled with HNO, or reoi^t^ited 

S'”" srtaa^^tt'dF'^^^^^ 
MTrborB.r^rii'=.rir£z“^^^^^^^^^ 

/-ITT -rn.^ ^ 


CH,_CO^ 


c!h. 


-CO 


./ 


>0 


100 parts water dissolve at 0^ 2 88 at Iftno loi / xu 

and its salts are used medicinallv and in th^ 

By the action of NH, affiril or ht <•»>«“«• 

succinimide anhydride or by distilling ammonium succinate, 

CHj - CO. 

I >NH 

CHj-CO^ 

‘‘oid) is of no technical 

Saccinio acid : 

C. Brdmann, Leipzig-Lindenau. 

Succinimide see “Succinic acid"'. 

Succinite see “Amber”. 

Sucrol see “Sweetening matters, artificial”. 

gas eni^es^ benzine^r^^ so-called explosion motors, such as 

better use of the en^rav rr * motors, &c. make a proportionately 

topl'^es'thereffrsi;fl?iH“°*"w’ hampered by being restricted 

^ricted to buUdW e!^l ””• ‘‘“s/eason efforte have for somt time been 
nrodueed ”? motors for generator gas, that is for gas which 

“Generator oAq^’ individual use without difficulty. Coinparo 

gas installation is fit f aH ^ g^^^r^'tor gas is for driving motors a compressed 
steam and air iq hinwn ^ steam boiler. In such a case a mixture of 

grating of the ffenprafor ^ steam current under pressure into the 

the generator must h beginning of the operation the coal in 

nrLlirraud ^ ^hc las generated passes off under 

gHlant^now 1 conducted into the motor. The new suction 
Ld th^v^uum convenient. The boiler is unnecessary 

automatic suetiou with^ expansion in the gas apparatus is filled by 

rator More nr less dmwn from the glowing layer of coals in the gene- 

A tother corresponding to the load of the machine. 

^th^ut ri^ ^ ^«ed almost anywhere, 

made on the nrinei P^V possibly escape from an apparatus 

An emu^^A^T^tT of vacuum suction on these linis. 

rator an a^instnW ^ plant consists of a generator, a water evapo- 

rator, an adjustable valve and the purifying apparatus. The generator is 
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ovided with a valve. The generators are made of cast iron if the whole plant 
jg on a small or medium sized scale; if larger they are of wrought iron. The 

jjerator itself consists of a shaft or cylindrical receptacle with fireproof sides, 
grating and fire-box, charging box and funnel. The charging box is fitted 
with an air-tight cover. 

The hot gas passes from the generator into the evaporator (an open steam 
boiler where the heat is absorbed by the water). The steam thus produced 
mixes with the hot air formed during the preliminary heating and is then 
conducted under the grating of the generator hearth, where the steam and air 
mixture passing through the layer of glowing coals produce the motor gas, 
consisting of carbon monoxide, hydrogen, carbon dioxide and nitrogen. The 
gas after cooling in the evaporator passes through the adjustable valve into 
the piirifyer. This apparatus consists of a scrubber, or a scrubber and dry 
washer combined, or of both, and a shavings cleaner for catching furnace 
ashes dust and so on. The simplicity or complexity of the purifying apparatus 
depends on the quality of the fuel employed and the kind, (juality and variety 
of impurity to be removed. From this apparatus the gas passes direct into the 
motor. To start the machinery a ventilator (fan) and adjustable valve are 
provided. The ventilator serves for blowing air into the generator until 
inflammable gas is present. The adjustable valve serves to connect the gas 
escape pipe for carying off the injurious or worthless vapours. The valve 
is made adjustable as it has to serve to connect the generator with the 
motor, or when the the motor is disconnected, with the waste gas pipe or 
chimney. 

The ventilator can be worked by hand, electricity, by hydraulic pressure, 
or any other power that may bo at hand, even if independent of and separated 
from the generator installation. The ventilator can also be fitted to work, 
at any rate for medium sized plants, by its own gas machine. In this case, 
however, the machine must be driven by coal gas or benzene while the generator 
is being fed by the steam and air current. 

The installation must be supplied with a water connection for the evaporator, 
and to complete the equipment various utensils and pieces such as connecting 
parts for the different apparatus, valves, water vessels and so on must be 
provided. If the capacity and therefore the amount of gas gemerated varies 
to any great extent, this disadvantage can be done away with by adjusting 
a regulator to control the amount and quality. . 

If the gas is also to bo used for heating or other purposes than driving the 
motor, an exhauster must be provided for compressing the gas drawn off. 

Sudoformal, 10 % formaline soap recommended for perspiring feet. 

Sudol. A preparation recommended for perspiring feet. It contains form- 
aldehyde and oil of wintergreen. 

Sugar, kinds of. Compare “Carbohydrates”. Sugars are usually classed 
under two headings, grape sugars and cane sugars. The kinds belonging to 
the group of grape sugars (hexoses, glucoses, and monoses) have the formula 
^6Hi20e, while the members of the cane sugar group (bioses) have the formu a 

^ 12 ^ 22 ^^ 11 * 1 

'Ihe hexoses have a sweet taste and are compounds which are as a ru e 
prystalline and are readily soluble in water. They are however msolublo 
hi ether and dissolve with difficulty in absolute alcohol. 

, Most of the members of this group can be fermented and are pentavalent 
Mdehyde or ketone alcohols. To this sub-group belong grape sugar (dextrose 
glucose) mannose, galactose, laevulose (fruit sugar) and many compou 
produced by synthetic methods. Starch sugar, sometimes called potato 
Bliicher. 
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sugar, is not a pure grape sugar, as it contains Dextrine (q, v.) and other 
unfermentable substances. 

To the group of cane sugars belong all those compounds having the con- 
stitution Ci 2 H 220 ii, which are converted by the action of dilute acids with 
absorption of water into hexoses CgHjgOg. The compounds belonging to this 
group crystallize more readily and are more stable than those of the hexose 
group. As a rule they have a sweet taste and are readily soluble in water, «fec. &c 

With the exception of maltose they do not directly ferment but only after 
previous decomposition into a hexose; they are optically active. The de- 
composition of the cane sugar group, which is caused by boiling with dilute 
mineral acids or by the action of enzymes, e. g. the diastase of malt, cor- 
responds to the equation C 12 H 22 O 11 -f- HgO = 2 CgH^gOg. However, ’as a 
rule, two molecules of one hexose are not formed, but one of one kind and one 
of another. Cane sugar thus decomposes into glucose and fructose while 
milk sugar (lactose) separates into glucose and galactose ; maltose alone forms 
two molecules of glucose. The mixture of glucose and fructose obtained by 
the inversion of cane sugar is called invert or inverted sugar, as it turns the 
plane of polarization to the left, while on the contrary cane sugar turns polarized 
light to the right. The most important members of the cane sugar group are, 
cane sugar or saccharose, milk sugar or lactose and malt sugar or maltose. 
Cane sugar is also sometimes called beet sugar, as it is not only made from the 
sugar cane, but also from the juice of the beet root. For particulars compare 
“Invert sugar”, “Fruit sugar”, “Milk sugar”, “Starch sugar”, “Sugar, 
MANUFACTURE of”, and “Molasses”. 

Sugar manufacture. (See “Sugars*'.) The sugar manufactured in Germany 
is almost exclusively obtained from the juice of the sugar beet, i. e. the root 
of a cultivated variety of Beta maritima. 

The beet roots arc washed in wasliing machines; they are then cut up, 
not reduced to a pulp, but cut into long thin strips 0.5 — 1 mm in thickness 
(since the introduction of diffusion methods). This cutting is accomplished 
with cutting machines of various types. 

The juice is actually obtained by the method of diffusion, based on the 
phenomenon of osmosis or membrane diffusion: When a sugar solution is 
present in a vessel formed of animal or vegetable membrane and the latter is 
placed in a vessel of water, the sugar molecules diffuse through the membrane 
into the water (exosraosis), while water molecules enter the inner vessel 
(endosomosis) ; this diffusion does not cease until the specific gravities of the 
two liquids inside and outside have become equal. Not only sugar, but all 
substances capable of crystallisation (crystalloids) are subject to diffusion, 
while non-crystallizing substances (colloids), like albumen, gum, pectine 
substances, &c. are hardly able to penetrate the membrane at all. 

In the beet root the sugar juice is in separate cells of membrane, and whom 
the strips (which on the whole may be regarded as sets of cells) are brought 
into contact with water, they are extracted by diffusion, i. e. the sugar passes 
into the water. 

In order to obtain the sugar juice the cuttings are placed in several metal 
vessels, joined to a diffusion battery, and subjected to the action of warm 
water. The juice is tapped off. These diffusers are cylindrical and closed on 
all sides; they have a double bottom, an inlet tube high up and an outle 
tube below, and are connected in a battery in such a way that the water 
enters vessel 1, the dilute sugar solution passing from there to vessel 2 an 
from this to No. 3 &c. ; the juice leaving the last diffuser of the battery J 
fairly concentrated. When vessel 1 is exhausted it is cut off from the battery, 
filled with fresh cuttings and placed last in the series. The fresh water nov 
enters 2, first charging itself with sugar, goes on to 3 &c., and finally fro 
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12 into 1 when it leaves the battery. This circular process is carried on so 
that each vessel in turn goes through all states of diffusion. When the Juice 
passes from one vessel to another it is heated by indirect steam so that a 
temperature of 55 — 75® C is maintained throughout. A diffusion battery 
consists as a rule of 10—16 diffusers containing 3—12 cubic meters. 

The cuttings are afterwards pressed and used as fodder (see “Feeding 
stuffs”) ; they should not contain more than 0.4 % sugar. About 100 liters 
of Juice are derived from 100 kg of beet root. 

A new method of obtaining the Juice, Steffen’s Scalding method (Germ. 
Pat. 149593 and 153859) is the following: The beet root are cut into slices, 
scalded in water at 95® C and then pressed; about 70 % of the juice is thus 
obtained, the 30 % remaining being used as cattle food. The assertion that 
more sugar was obtained than by the diffusion process has been proved 
erroneous, so that this method cannot claim any practical importance; it is 
economically wrong to cultivate beet root containing much sugar and then to 
pass a part of it on to be used as cattle food. 

According to Germ. Pat. 146871 sugar Juice is obtained in a purer, more 
crystallizable state when formaldehyde is added to the diffusion water (0.0025% 
of the fresh slices). 

The crude juice in addition to sugar contains salts, colouring matters, 
gelatinous matter and proteids, acids and other impurities which must be 
removed, as when these are present the sugar does not crystallize. The purifi- 
cation of the juice consists of separation and saturation, i. e. the hot juice 
is treated with slaked lime {separation) and the excess of CaO is removed 
with carbon dioxide and sulphurous s^Q,id[saturation) . Formerly the custom was 
to separate with CaO first and then to saturate with CO 2 , while at present the 
two processes are combined, followed by a subsequent saturation 
with SO 2 . 

The lime required is used as milk of lime; the process is carried out in 
^paration or saturation pans, i. e. square, closed vessels of iron, the bottoms 
inclined strongly to the front. A steam coil is applied for heating purposes, 
while the carbon dioxide is conducted to the bottom whence it rises through 
numerous little openings; an outlet is provided to tap off the mash settling 
at the bottom. 

In the process of separation the lime is converted into calcium saccharate, 
a compound which is very reactive. Organic acids are precipitated as in- 
soluble lime salts; nitrogen compounds, like glutamine asparagine &c. are 
converted into ammonia and amido acids. The carbon dioxide entering at the 
same time precipitates the excess of lime as CaCOg and all these precipitates 
together form the mud. 

Separation is effected by mixing the juice, which is warmed to 60 ®C and 
jhout half fills the pan, with milk of lime (2 — 3 kg fresh quick lime to 100 kg 
beet root) and then introducing carbon dioxide and steam, so that the tem- 
perature finally reaches 85 — 90® C. After the first saturation the juice should 
still be slightly alkaline. It is filtered, and now forms a clear light yellow liquid 
^nielling of ammonia. The process is repeated once or twice and if the juice 
^ not filtered through animal charcoal a subsequent saturation with sulphurous 
follows. More recently separation and saturation have been, to a certain 
•^xtent, again carried out separately. Caustic lime and carbon dioxide are 
prepared in the factory itself by burning CaC 03 in suitable furnaces from which 
escaping COg may be collected ; the latter is purified and cooled by passing 
water and is then forced into the saturation pans. The filtration 
^ the juice in order to separate it from the mud is generally done in filter 
presses, more rarely through gravel, wood shavings, &c. Filtration through 
charcoal used formeny to such a large extent, is now applied in 
®fmmg only. 


42 * 
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An exceedingly large number of other methods for purifying the crude 
juice has been recommended, all of which appear to be of Uttlo practical value 

Germ. Pat. 131875 recommends the addition of powdered manganese 
peroxide to the juice at about 60® C, together with 1.4 kg caustic lime? 50a 
MnOg are added to each 100 kg of beet root and the mixture is then electrolyzed 
(5 volts 1 ampere per square metre electrode surface) ; the IMhiOg is intended 
to further the evolution of 0 at the anode and the oxidation of substances other 
than sugar. 

Another proposal of this type is that of Lehmkuhl, in which small amounts 
of alumina are used while Bebkepeld applies 1 % sulphurous acid at 90° C. 
Weby recommends baryta with sulphurous acid, Rbmbebt barium aluminate 
Wagneb phosphoric acid, &c., &c. ' 

The purified dilute Juice is now evaporated; there are two phases, the 
boiling down of the thin juice to a thick juice (about 50 saccharomcter degrees) 
and that of thick juice to pulp, either a crystal pulp or supersaturated sugar 
solution containing more than 90 % dry substance. 

The evaporation is carried out under reduced pressure (in vacuo) and 
below 100®; 2 or 3 vacuum apparatus are connected in such a way that the 
vapours from one are utilized in warming the next, the heating itself being 
effected by steam. When the thin juice is sufficiently evaporated it is passed 
from these boilers to another group where the evaporation of the thick juice 
is carried out. The thick juice finally obtained is filtered hot and further 
evaporated. 

There are two methods- of evaporation. In the first case the crystals are 


formed during boiling so that a stiff crystalline paste results ; it is the method 
generally used, though it is applicable only for pure solutions con- 
taining not more than 20% substances other than sugar. The othc;r process 
produces a clear (supersaturated) solution which crystallizes on cooling. 
The evaporation is carried out in vactio, the heating being by indirect 
steam. When a solution and not the crystalline paste is to be obtained 
the boiling is continued until a drop of the liquid forms a thread of a certain 
length between the fingers. The liquid, still completely clear, is run into 
large iron boxes where crystallization sets in. 

When a crystalline paste is aimed at the process is initially the same. Later 
fresh thick juice is repeatedly added and evaporation continued, the pressure 
of the air being regulated in such a way. that the juice is always at a temperature 
of 60 — 70®. At last the liquid is not able to keep all the sugar dissolved, 
and the formation of crystals sets in. It is possible to regulate the formation 
of the crystals, i. e. to produce a finer or coarser grain by adding the fresh 
juice more or less frequently and allowing the mixture to boil quietly or 
vigorously. 

This substance, obtained by the one or the other process is let into large 
iron boxes. The liquid is set to crystallize in them while the crystallization 
already begun in the process of evaporation is coi^leted. In 
case the result is a thick mass of sugar crystals and syrup. The mass is crushed, 
mixed with additional syrup and centrifuged. By evaporating the syrup 
and repeating the above process a product of second quality, and by a further 
repetition of the whole process a product of third quality are obtained. 

The final residue is a viscous dark brown syrup of objectionable taste an 
smell, molasses, containing 45 — 50 % sugar. This sugar does not 
out as there is too much foreign matter present. For this reason the molass^ 
were formerly used exclusively to produce spirits but now a method for 
ing the greater part of the sugar has been introduced. For the process 
separating sugar from molasses see “Molasses*'. 
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The crude sugar thus obtained is of a yellow colour and has a taste and 
smell which is not agreeable. It is purified (refined) in special refining works, 
where the crude product is converted into white sugar which has no disagreable 
smell 01“ taste, and is ready for household use. 

^ There are two methods of refining sugar. The first is that of covering, 
that is the crystals are covered with a pure sugar solution which gradually 
takes up the syrup clinging to the crystals. The sugar solution used is obtained 
by pouring water over the crude sugar of the first quality. Formerly the sugar 
solution was simply allowed to trickle through and the process repeated until 
the impure syrup had been removed and pure sugar solution run away. 
At present the same object is attained by centrifuges. 

The second method of refining sugar consists of filtration through charcoal, 
a process which must be carried out very slowly and at high temperatures. 
Tall filtering cylinders are filled with animal charcoal and well heated by 
steam, then the syrup — a solution of crude sugar in water — is poured in 
from above. The concentrated juice coming out below is evaporated in vactio 
until it crystallizes. The filtration must be carried out with fresh charcoal ; 
since, when used several times, it becomes ineffective and must be “revivified’’. 
There are numerous methods of preparing the charcoal for future use (treatment 
with HCl, fermentation, &c.). 

A preliminary purification has lately been introduced before filtration. 
The crude sugar is centrifuged, covered with sugar solution and then con- 
centrated to a thick solution, which is clarified with lime, filtered through 
a filter press and then subjected to the above mentioned filtration through 
charcoal. In some cases the filtration through charcoal has become practically 
superfluous, since the filtration through filter presses has rendered it 
unnecessary. 

When loaf sugar is required the syrup is boiled to the crystallizing point 
at the lowest possible temperature. The slightly yellow colour is concealed 
by adding a little blue dyestuff (50 g ultramarine to every 100 000 kg). When 
the mixture is evaporated to the point of crystallization it is run into pans 
and warmed to about 90® C so that the smaller crystals dissolve in the syrup. 
It is then poured into inverted iron cones and gradually allowed to solidify. 
An opening at the apex of the cone is then made so as to tap off the 
syrup. Sugar solutions of increasing degrees of purity are poured over the 
top (the base of the inverted cone) until all impurities are removed. Suction 
is finally applied to remove the last traces of moisture. 

Sugar in lumps is obtained by centrifuging the coarse crystal mass and 
covering with pure sugar solutions. When no special shape is required the 
material is allowed to solidify in the centrifuges, otherwise it is pressed into 
plates and bars. The irregular lumps are obtained by breaking up the crystalline 
masses taken from the centrifuge, while lump sugar is prepared from the plates 
and bars by cutting in special cutting machines. 

Sifted sugar is usually made from lumps and broken blocks by grinding 
them in mills and not infrequently by centrifuging the crystalline mass. 

^rystal sugar is obtained by slow evaporating at a low temperature and 
under a low pressure, followed by centrifuging, covering and drying. 

Sugar candy is obtained from the boiled liquid (not boiled to the crystallizing 
pomt) by allowing it to cool gradually in conical crystallizing vessels; the 
utystals grow on threads drawn through the vessels for this purpose. Beet 
ugar can only be used to make white crystals as the brown would exhibit a 
^agreeable taste due to the syrup. When brown crystals are desired the 
ctined mass is dyed with caramel. Genuine brown crystals of agreeable taste 
be made from true cane sugar. S. G. of cane sugar solutions at 
+ 150C (Schbiblbe): 
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sugar”, “Starch sugar”. “Alcohol”. 


Sugar manaCaotaring apparatus : 

Friedrich Heckmann, Berlin SO. 10, Briickenstr. 6b (see advts.). 

Vacuum-evaporation-appaiatus for Sugar manufacture : 

Volkmar Haenig A Comp., Heidenau<Dresden, Germany (see front part advt.). 

flfanutacturing plants for milk Sugar: 

Volkmar Haenig & Comp., Heidenau*Dresden, Germany (see front part advt.). 

Grape Sugar vacuum apparatus: 

Volkmar Haenig & Comp., HeidenaU'Dresden, Germany (see front part advt.). 
Friedrich Heckmann, Berlin SO. 10, Briicken-str. 6b (see advts.). 

Sugar-testing apparatus: 

Hans Heele, Berlin O. 27. 


Sulphanilic acid. C8H4(NH^)S03H. (NHj : SO3H = 1:4.) This acid is 
obtained by treating aniline with H2SO4 at a high temperature. It is formed 
b^ decomposition of the aniline sulphate thus obtained. Neville and Winthek 
give the following process. 100 kg of pure aniline are mixed with constant 
stirring with 105 kg H2SO4 in an iron boiler lined with lead and fitted with 
a stirring apparatus. The melted mass is then spread on tins and heated in a 
furnace for 24 hours at a temperature of 200 — 250®. After cooling the grey 
sulphanilic acid is dissolved in HgO and filtered. After purification by repeated 
recrystallization it forms colourless crystals which dissolve fairly readily 
hot, but with difficulty in cold water. For making coal-tar colours, purification 
is usually unnecessary. The solution obtained cSrectly from the melted mass 
by extraction is used for this purpose. , 

During the process of heating the aniline sulphate on tins (the so-calie 
baking jjrocess) it is scarcely possible to avoid overheating. Hence the heating 
process is now often carried out in a vacuum. . , 

Test. On ignition, sulphanilic acid should leave no appreciable 
The test for sulphuric acid is as follows. A solution of 1 g sulphanilic ac ^ 
in 25 ccm boiling water is treated with a few drops of BaCl2 solution. 
prove the presence of hydrochloric acid 1 g sulphanilic acid is shaken wi 
20 ccm of water, filtered and the filtrate treated with AgNOj * 

At most a faint opalescence should be produced. To test for 
of the acid is warmed with NaOH solution and chloroform addea, 
smell of isonitrile should be observed. 
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To determine the amount of acid, 1 g is dissolved in 10 cc. Vio^. 
X.aOH and titrated with Vio^- Each cc. of acid required = 0.20916 g 

oi sulphanilic acid. If H^S04 is present a weighed amount of the sulpha- 
nilic acid is mosstened with BaCl2 solution, heated on the water bath to 
expel HCl and then titrated as above described. 

In case the crystals have effloresced the results obtained are too high. 

Sulphine dyestuffs see “Sulphur dyestuffs“. 

Sulphite cellulose see “Cellulose“. 

Sulphocyanide compounds (Thiocyanate compounds) are derived from 
sulphocyanic acid NCSH by simple addition by the action of S on metallic 
cyanides; or synthetically by heating carbon bisulphide with ammonia in 
autoclaves. The commercial sulphocyanides are always obtained from gas 
purification residues which contain from 0.8 to 4 % HSCN and more. Compare 
‘‘Coal gas’\ HaS, NH3 and CN are produced as by-products in the dry 
distillation of coal, and from these (either from the gas water or from the 
purification residue) (iron ore), the product called ammonium sulphocyanide 
or thiocyanate is formed. The purification substance after use, is systematic- 
ally extracted with water and the lye (S. G. 1.070 to 1.085) is then evaporated 
to a strength of 22 — 24 B6, when mixtures of (NH4)2S04 and NH4CI crystallize 
out. On further evaporation ammonium sulphocyanide is obtained containing 
80—90 % NH4CNS. As, however, a part of the salt is always decomposed 
during evaporation it is advisable to precipitate a weaker lye which may be 
impure, with CUSO4 when the sulphocyanide separates quantitatively. 

If lime is used for purifying the gas, the sulphocyanide is obtained in the 
form of calcium sulphocyanide. To obtain the latter salt in a pure state, the 
gas lime is leached and the solution obtained, containing calcium sulphocyanide 
and calcium thiosulphate, is evaporated. The sulphocyanide salts are said to 
remain unchanged while the thiosulphate decomposes into calcium sulphite 
and sulphur ; both these substances are precipitated and may be used for the 
preparation of alkali thiosulphates. 

According to Amer. Pat. 705152 coal gas is used for the preparation of 
sulphocyanides in the following manner. The gas which contains NH3 and 
cyanogen compounds is successively washed in several scrubbers with HgO 
or ammonia solution. The scrubbers must all contain S. From the first 
scrubber the strong ammonium sulphocyanide passes away from time to time, 
while the liquid is simultaneously transferred from one scrubber into the next. 
According to Engl. Pat. 8166 (1903) the cyanide compounds of coal gas are 
obtained in the form of magnesium sulphocyanide, by passing the gas, after 
removal of the tar and ammonia, through a liquid containing magnesium 
sulphide. This liquid is made by passing H2S, or the gas from the lime purify er, 
through a mixture of magnesia and sulphur in HgU and then pouring off or 
filtering from the product. , 

According to Engl. Pat. 24767 (1902) sulphocyanides are made froin coal gas, 
which contains cyanogen, carbon bisulphide and ammonia by passing it through 
or MgCOo, when the sulphocyanide is obtained as in the above-mentioned 
patent in the form of magnesium sulphocyanide. If the gas does 
sufficient sulphur more of this substance, or sulphides may be added to the 
iiquid in which the magnesia is suspended. The same patent claims to obtain 
*hagnesium sulphocyanide by heating CS, and NH3 with MgO in closed 
vessels at a temperature of 110®. 

Sulphonal = diethylsulphonedimethylmethane 

CH3. /SO2.C2H5 
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A mixture of acetone and mercaptan is condensed to mercaptol by the intro- 
duction of dry HCl-gas, the product then being oxidized to sulphonal bv 
KMn 04 . ^ 

A white, odourless, tasteless powder M. P. 125®, sparingljr soluble in cold 
a little more readily in hot HjO, easily soluble in alcohol. It is a good narcotic’ 

Dose 1.0 — 1.6g. 

Sulphophosphite. The name given to a commercial substance which is im 
portant as an excellent substitute for yellow sulphur for the manufacture of 
matches. Sulphophosphite which consists -of zinc, phosphorus and sulphur can 
be used in the manufacture of paraffin and sulphur matches. These may be 
prepared so as to ignite readily or otherwise. The mixing of the substance 
itself is without danger, as it is not necessary to grind the sulphophosphite 
with the KCIO 3 . It is affected by the atmosphere to a less extent than red 
phosphorus and is considerably more stable than phosphorus sesquisulphide. 

Sulphopyrine. A mixture of antipyrine and sulphanilic acid. Used in cases 
of headaches, &c. 

Sulphur. S. A. W. 32.06. * The largest quantity is still derived from Sicily 
where pure sulphur is found in large deposits and veins; usually the sulphur 
is contaminatea with sedimentary stones, and is obtained from the mixture 
simply by melting. The latter process was formerly carried out in kilns which 
were made of the sulphurous material, covered with clay, and then ignited; 
while nowadays the operation is performed in open cylindrical melting furnaces 
with a capacity of more than 1000 cubic metres, the hearth of which is strongly 
inclined towards the exit opening. The stone blocks are so arranged in the 
furnace that sufficient room for air channels is left between them; the roof is 
formed by a layer of already melted and powdered stone. When the S has 
been ignited the lower openings of the furnace are closed so that the combustion 
only proceeds very slowly from top to bottom. A part of the S burns to SO3 
and escapes; the principal amount collects in a molten state on the hearth 
and is run into wet wooden moulds, which yield blocks 50 — 60 kg in weight. 
Such a melting process lasts 30 — 90 days according to the amount of the stone. 
The Gill furnace works more economically in that the melting of the S of is 
performed by steam. By the use of this furnace the great injury suffered by 
the surroun^g vegetation through the SO 2 is almost completely avoided. 

If the natural siuphur occurs mmost free from stone and earthy impurities 
it is melted directly in cast iron boilers. 

The method of obtaining sulphur in Texas and Louisiana — where the sulphur 
is found at a depth of 150 — 200 metres in large deposits of gypsum — is 
highly interesting. Several tubes one inside the other are driven from the 
surface down into the sulphur stone, and then superheated HjO at 165 w 
forced down into the tube, and the sulphur in this way melted. In order to 
force the sulphur to the top more readily air under a pressure of 20 
spheres is also pressed through a narrow tube down to the bottom. The 
bubbles of air mix with the melted sulphur and so diminish the S. G.; the 
mixture then ascends in a quick stream to the top. The boreholes give a daily 
yield of 200 tons or more of sulphur. 

Further S is also obtained by heating iron pyrites FeSj in the 
of air. In this process (3 FeSj = Fe 8 S 4 -f Sj) only one third of the S of tn 
pyrites is obtain^. Very often the process is modified so that FeSj is ignite 
m blast furnaces: about hidf of the S bums to SO„ while the other pa 
sublimes and is collected in wooden chambers. . , „ 

According to Gterm. Pat. 134734 sulphur can be obtained from 
ores and anilides by the electrolysis of the fused mass — the sulphur 
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(e. g. galena) together with a bath made from the difficultly fusible chlorides 
of a heavy metal (e. g. PbClj) being heated to a high temperature and then 
subjected to electrolysis. Here the metallic chloride, which serves as a bath, 
decomposes into metal and chlorine; the latter then acts on the ore in such 
a way that it unites with the metals again to form chlorides, while S is liberated 
and can be condensed. The following equations express the reaction for galena : 
1 . PbClg = Pb -f- CL and 2. PbS Clg = PbClg -f S. The metal separates 
out at the cathode, while the chlorine liberated at the anode decomposes the ore. 

Further experiments have also been made with a view to obtaining S from 
the gas purifying masses which become rich in S (see “Coal gas”) — they 
contain more than 40 % S ; but the results obtained by distillation with 
superheated steam and by extraction with CSg have not been very 
satisfactory. 

The different proposals however for obtaining S from the waste products 
of the Le Blanc process (see “Sodium carbonate”) appear to be more 
important. Of the numerous processes may be mentioned two, namely, 
1. that of ScHAPFNER and Helbig and 2. that of Chance; these are probably 
the only ones which can lay claim to great practical importance. Schaffner 
and Helbig allow the alkali waste to enter gradually through a spiral into a 
strong solution of magnesium chloride (above 24® B6) contained in a closed 
iron cylinder provided with stirring contrivances. The calcium sulphide is 
here decomposed by the MgClg as shown in the equation CaS -j- MgClg + HgO 
= CaClj + MgO + HgS. The HgS meets with SOg in a tower, down which 
calcium chloride solution simultaneously trickles. The presence of the latter 
has been found necessary in order to render the precipitation of the S complete 
according to the equation 2 HjS + SOj = 2 HgO + 3 S, and at the same time 
to give the S a granular structure so that it can be filtered. After the reaction 
the contents of the iron cylinder are poured out through a sieve which keeps 
back the coarser parts of the alkali waste, while the MgO, which is precipitated 
in the fine state, is treated together with CaCL in other vessels with CO 2 . 
Here the following reaction MgO -j- CaClj -f COo == CaCOj 4; MgClg takes 
place, that is, the MgClg is regenerated, and can he used again for the de- 
composition of more alkali waste. 

Chancels process, which is widely used, consists in treating the sieved alkali 
^^aste with COg (that is, with gases from lime furnaces containing a high 
percentage of CO*) in cylinders united together in series; the CaS is first con- 
verted into calcium sulphhydrate Ca(SH) 2 , which then decomposes with 
evolution of H-S: 2 CaS + 2 H^O + 2 COj = 2 CaCOg -f 2 H.,S. The furnace 
gases must be tree from 0 as otnerwise S would be lost by oxidation. The H 2 S 
is caught in large gasometers over oil of tar, and then mixed with an ex^t 
amount of air (corresponding to the equation 2 H 2 S + ^>2 = 2 H 2 O + So), 
and led under the grate of a blast furnace in which is a layer of iron oxide 
heated to a dark red heat. The latter only needs to be heated once to a red heat 
before the beginning of the process; afterwards it is kept in this state by tlm 
heat of reaction and brings about the complete combustion of the H 2 S to H 2 O 
and S. The sulphur fumes are condensed in chambers. The most difficult 
point of the process is that the gas caught in the gasometer must always 
contain the same amount of HgS, otherwise the air admitted contain cither 
too much or too little 0; in the first case a part of the S is converted mto SOg, 
and in the second a part of the H 2 S escapes unchanged. 

The crude sulphur, however obtained, is purified by sublimation, ine 
condensation chambers soon become heated above the meltmg t)he 

^nlphur, which causes the latter to collect in a melted state on the floor; it 

then allowed to flow into moulds. The stick sulphur thus obtained is almost 
chemically pure. K the sublimation takes place slowly, so that the condensmg 
chambers do not reach a higher temperature than 110®, the sulphur is obtamed 
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in the form of flowers of sulphur, a loose snow-like pale yellow mass whiH, ■ 
always impure through traces of SOj or H^SOa- ’ " 

crystals, while on cooling from thr 
melted state it crystallizes in the monoclinic system. It is bright vdk u 
and can be readily powdered, S. G. 1.98— 2.06; M. P. Ill— 114 50 ftlm , , ’ 
differ somewhat). Sulphur, which forms a thin yellow liquid at its melbn* 
point, on being heated to 160“ becomes thick and orange yellow at 2‘>0<Mf 

between 240“ and 260“ it is very viscouram 
reddish brown but a little more mobile; it boils 
a 444.5 , at which temperature dark brown yellow fumes pass over Snlnii 
heated to 230“ and then suddenly cooled by ^pouring into Ttcr becomes^ 
and pl^astic so that it can be used for mouldings; after a few days it boromes 
quite hard again At 250“ sulphur ignites in the air and burns witL blue fl^e 
}"®.°bible m HjO, very sparingly soluble in alcohol and ether 
^ hydrocarbons, readily soluble in chloroform, sulplm; 

chloride, and above all m carbon disulphide. 100 parts CS. dissolve at^l5« 

NaOH^^^IH and’ It f FT-d a<,ua regia’ 

with ‘ 't also goes into solution, in that it combines 

with these agents or is oxidized by them. It is a non-conductor of electricitv 
fnJft important use of S is for the manufacture of HjSO,; it is also u,seci 

cFnnaLF'^FFd'^'^fvF'' ®“'Pb*tes, thiosulphates, CS^, gun powder, matches, 

ciimabar and other metallic sulphides, ultramarine, for vulcanizing caoutchouc 

8ilk and straw, for sulphuring hops, and wine 
barrels, as a remedy for diseases of the vine, for making putty, &c. 

testing of crude sulphur is usually restricted to the estimation of 
ash, arsenic, and occasionally also the moisture. The amount of ash is found bv 
burning 10 g S in a porcelain crucible. For the estimation of the moisture 
a good average sampleofat least lOOg must be taken. The qualitative test for 

according to Haobb’s Kramato method 
ind 1884 26.5 and 443): 1 g S is shaken with 15 drops of NHj 

FFr. d HjO, after half an hour brought on to a filter, and the filtrate 
treated in a te.st tube with 30 drops HCl and 15 drops of oxalic acid solution. 

I hen a clean piece of brass sheet is placed in the tube and heated to 60—100“, 
Wien an iron-coloured or black coating is immediately formed on the bras.s 
strip If As IS present. Schappio’s method for the quantitative estimation can 
be recommended: according to this method the sulphide and oxide of arsenic 
are extracted from the S by digestion with dilute NH, at 70—80° the ainmon- 
lacal solution, exactly neutralized withNHg, diluted, and titrated with 
silver solution; as an indicator neutral potassium chromate may be used, 
winch, as soon as the As is precipitated, is turned brown by a dropof the solution. 
Ihe arsemtes ye found in the residue after the extraction of S with CS,; 

digested with aqua regia and As tested for in the ordinary way. 
Ihe presence of Se is shown as follows: S is oxidized by heating with KNO.^, 
issolving the fused mass in HCl, and treating with SOo: Se is here precipitated 
as a red powder. ^ r t 

At the y. Intern. Congress for Applied Chem., Berlin 1903, v. Koneck 
recommended a new and simple process for the quantitative estimation of S 
in coal, petroleum, asphalts, and organic compounds in general. This method, 
to which the lecturer applies the name “Rapid^^ on account of its being so 
quickly and readily carried out, depends on the oxidation of the substance in 
the Raar s calorimeter with and the estimation of S as H2SO4 with 

JiaUg. Ihe oxi^tion product is brought into a beaker with H«0, care being 
f ^ P from the NagOg gives small explosions with traces of carbon 
left behmd and thus easily causes splashes. The method yields very satisfactory 
results with raw oils, bitumen, coal, and asphalt; the S is also completely 
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oxidized even when C particles remain behind. A simultaneous estimation 
of the halogens is not possible as they become partly oxidized by Na 202 . 

Sulphur dyes (Sulphine colours). A large class of tar dyes, the constitution 
of which has not as yet been exactly determined. The majority of sulphur 
colours are obtained by the sulphur-sodium sulphide fusion, that is, by heating 
sulphur and alkali sulphides with sawdust, different para-diamines, acetyl - 
nitramines, quinone, &c. Thus the oldest sulphur dye, Cachou de Laval, 
is obtained by fusing sawdust with sodium sulphide, Vidal black by fusing 
p-amidophenol with sulphur and sodium sulphide, &c. Not only numerous 
benzene derivatives but also naphthalene compounds, &c. have been subjected 
to the sulphur-sodium sulphide fusion ; the derivatives of diphenylamine prove 
to be the most important starting points for the sulphine colours. Thus the 
excellent fast Immedial black is obtained by fusing p-oxy-o-p-dinitro-diphenyl- 
amine with S and NagS. On the other hand it is the m-diamines of the benzene 
series, principally m-toluylenediamine, from which the sulphur colours are 
prepared. 

The number of the new sulphine dyes can now hardly be estimated, and 
their uses are becoming wider and wider. Recently efforts have been made 
to use, from the beginning, substances containing sulphur — even partly 
prepared dyes (e. g. thiazine derivatives) — as the starting points for the 
manufacture of sulphur dyes, in order to give such substances, which in 
themselves are of little value, the excellent properties of the sulphine colours. 

Gradually the technically valuable diphenylamine derivatives have become 
(as far as the production of sulphine colours is concerned) exhausted, and 
attention is now turned to other starting materials. Thus numerous processes 
have been patented which first prepare indophenols, and then fuse or boil 
these with S and NagS to give sulphine dyes. As far as these indophenol- 
sulphur dyes are concerned the French Pat. 330388 and 332884 seem to bo 
destined to become important. See “Indophenols'*. 

It may be mentioned that there is a tendency to improve the common 
sulphur fusion, as it has been found that high temperatures 150 — 200 readily 
cause the formation of objectionable secondary products. Thus in the latest 
sulphur dye patents temperatures of only 100® are frequently given; the 
reaction is carried out in aqueous or alcoholic solution. In general more 
attention is now being paid to keeping within certain temperatures, since it 
has been found that frequently differences of temperature of 30 — 50® completely 
alter the final product. 

Other processes aim at preparing sulphur dyes whith are less strongly 
hygroscopic than these products usually are (the hygroscopic nature is due to 
the amount of sodium sulphide). Mention may be here made of Germ. Pat. 
144104, according to which a mixture of thiosulphate and caustic alkali is used 
instead of S and NagS. 

The sulphur dyes are all substantive, that is, they dye cotton without mor- 
dants. The dyeing is carried out in a hot NagS bath with the addition of NaCl 

Na 2 S 04 . The dyes are dissolved by the excess of NagS in the dye-bath, 
r^^duced to a leuco compound, and absorbed as such by the cotton fibre; the 
kuco compound is again oxidized in the air to the dyestuff. The dyes thus 
ebtained are as a rule fast; at times the depth of the colour and the fastness 
niay be improved by an oxidizing after-treatment, e. g. with KgCrgO, + 

Irench Pat. 319876, which deals with a process for the direct production of 
®nlphur dyes on the fibre is very interesting. The cloth is soaked in a mixture 
tetrasulphide and p-amidophenol, and then steamed under pressure, 
a blue black is developed. , 

iJp to the present only black, blue, violet, green, and brown sulphur colours 
been discovered; of these the black and dark blue dyes have become 
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of the greatest importance for cotton dyeing on account of the nrom rt, 
of being fixed on cotton without mordant, on account of their great fast nt ^ 
to light and washing, and finally on account of the comparatively low nr 

Attempts to prepare a red dye of this class have been successful. An azo dvfi 
contammg S is prepared according to French Pat. 337329 as follou^, 
Dmitrochlorbenzene is heated with KCNS in alcoholic solution until tlu^ ri 
has been replaced by the group CNS. It is then reduced with ammonk, r 
sulphide, the resulting nitroamidothiophenyl derivative is diazotized and 
finally combined with corresponding azo components, according to the choice 
of which orange-red to pure red colours may be obtained. If for instan<‘e 
naphthylamine be employed a red dye is obtained. The dyeings on colt n 
with this material become very fast by oxidation or by treatment wit I, 
metallic salts. 

Sulphuretted hydrogen. HgS. Hydrogen sulphide. This substance is 
produced from FeS (obtain^ by placing a well mixed quantity of 
30 parts of iron filings and 21 parts of flowers of sulphur in a red hot caitheri- 
ware crucible.) In practice the sulphide of iron is obtained by heating pyrites, 
FeSj in a vacuum, or by melting iron pyrites with copper slag, when^by the 
superfluous S of the FeSg passes to the Fc contained in the copper slag 

The FeS in pieces the size of a nut is decomposed with diluted minoraracids, 
preferably with diluted H. 2 SO 4 , 1:3 to 1 : 4 , whereon the reaction 

correspOTdmg to tlie equation FeS + H 2 SO 4 = FeSOi + HjS follows. Tlic 
purest H 2 & IS obtained by the decomposition of grey antimony ore, 81 ) 28 . 5 , 
with concentrated H 2 SO 4 , or from pure BaS. The latter substance 
decomposes, as is the case with FeS, with diluted acids at an ordinary tciii- 
perature. 

According to Amcr. Pat. 718556 pure sulphuretted hydrogen is obtained from 
the SO 2 contained in furnace gases or in other gas mixtures, in the followiiiii 
way. The SOg is absorbed in strong sodium sulphite solution, the SOo ab- 
sorbed is combined with Ba by letting the sodium bisulphite act upon 
BaCOg, and catching the pure CO 2 evolved. 

The barium sulphite thus produced is reduced by heating to a red heat 
with coal to BaS, which is then made to react with COg forming H 2‘8 
reproduction of BaCOg. HgS is a colourless and very poisonous gas with a 
most unpleasant smell. The S. G. is 1.178, air being equal to 1. At j 10" 
it can be compressed at 15 atm. to a liquid, which has a S. G. of 0 , 9 , with 
^ 2 ^ ~ 1- The boiling point is — 74®, at 760 mm pressure, and the solidyfyiug 
point is — 85®. 1 vol. of HgO dissolves 4.3 vol. at 0®, at 15® 3.2 vol. of HoS gas. 
The saturated solution is known under the name of sulphuretted hydrogen 
water. 

Sulphuric acid. H 2 SO 4 . The materials for the manufacture of H 28 O 4 are 
SOg, KNO 3 , O and HgO. The SOg is now but seldom made by burning sulphur; 
sometimes it is still obtained by roasting the residues obtained in purifying 
coal gas, see “Sulphur^\ Generally, however, it is prepared by roasting ores, 
of which iron pyrites is the one most frequently used. Copper pyrites, zinc 
blende and galena are also used. The greatest care must be taken so that the 
gases which come from the furnace contain the highest possible percentage 
of SOg and that they contain also sufficient 0 for economical production. The 
numerous details of construction of the different furnaces cannot be here 
discussed. The roasting is carried further if the main object be to obtain gases 
for the manufacture of H 0 SO 4 than in the case when they are obtained as a 
by-product in some metallurgical process. 

In the former case the roasting must be as complete as possible in accordance 
with the following equation 2 FeSg + 110 = FogOg + 4 SOg. 
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Xhc SO2 mixed with the propp quantity of air enters the lead chambers, 
after having been cooled in cast iron cooling tubes to 60— 90° and freed from 
as much dust as possible by passing through smoke chambers. 

The cooling, which is usually effected by allowing the heat from the gases 
to cause evaporation of dilute H2SO4 is unnecessary if a Glover tower is 
present. The lead chambers consist of leaden plates soldered together and 
fastened into a wooden frame. Only the top and sides are of leaden plates so 
tliat the bottom part which is left open hangs in a shallow basin. The closing 
of the vessel is eifected by the acid at the bottom into which the side walls 
of the chamber dip. At least two to three lead chambers are fitted together 
to form a system, each chamber with a capacity of 1000—3000 cbm. For 
every 1 kg of FeSa which is roasted in 24 hours about 0.5 cbm chamber space 
is necessary. Each chamber, with the exception of the last which serves as a 
drying chamber, is fitted up so as to allow of the entrance of the steam necessary 
for the reaction (to 1 kg S about 2.5 kg H.^O). Quite lately, however, it has 
been found that it is much better to use a very fine water spray instead of 
steam. This method is protected by the Frencli Pat. 342117. 

Tlie oxidation of SOg to H2SO4 is carried out by means of nitrous fumes, 
that is the higher oxides of nitrogen and more especially, nitrous acid, HNOg. 
Formerly the process was believed to correspond to the (upiation, 

SO2 + 2 HNO2 = H.2SO4 I- 2 NO. 

According to this view the excess of atmospheric oxygen present immediately 
converts the NO into nitrous acid again, or at any rate into its constituent 
gas(‘s. 2 NO + 0 + H.2O — 2 HNO^. Instead of the HNOg the anhydride 
NoOt can be effective, or in place of this again, the products of its decomposition 
NO -f NO2. Of late, however, the opinion has been formed that the reactions 
wliich takes place in the lead chambers are more complicated. According to 
huNGE, nitrosyl sulphuric acid, nitrosulphuric acid, HSNO5 is first formed. 
The most important reactions leading to the formation of nitrosyl sulphuric 
acid in the lead chambers are the following: — 

2 SOo + NO + NO- + 0 -f H2O - 2 ONO . SO^ . OH. 

2 SO2 + 2 NO + O3 + H2O = 2 ONO . SO2 . OH. 

2 SO2 + 2 NO2 + 0 + H2O = 2 ONO . SO2 . OH. 

Of these reactions, according to the above authority, the first named is 
dominant in the greater part of the chamber system. The second appears 
at first when there is excess of nitric oxide and oxygen. The third comes 
into consideration in the last division of the chamber wlicn N2O4 is present 
in excess. On coming into contact with excess of HgO, the nitrosyl sulphuric 
acid is at once converted into H2SO4. 2 HSNOg -f 2 HgO = 2 H2»S04 
d HNO2. The nitrous acid now’ present, which may be considered either 
as a hydrate or as an anhydride, now forms, (from fresh amounts of SOg, 
air and HgO), H2SO4 again, so that theoretically this one supply of nitrous 
fumes is sufficient for a sulphuric acid factory. Practically, of course, losses 
of nitrous acid occur which amount to about 1 — 2 % of the amount of H2SO4 
manufactured. 

T or the oxidation of the nitrous vapour, the lead chambers have of late 
heon worked with mechanical air intakes in the form of stone ventilators (fans). 
Since the gases from the ovens do not consist of SO2 and O only but 
contain much N, the latter must be allowed to escape and in escaping 
tliese carry off a considerable amount of the nitrous fumes io 

prevent this loss and the nuisance which such gases would ^ 

tue neighbourhood the gases at a temperature of about 40 O 
are allowed to pass upwards through a Gay-Lussac .tower. This 15 a tower 
with leaden plates and filled with coke down which 80 % 

With proper regulation in the Gay-Lussac tower the nitrous fumes, NO +JNO2, 
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from the H2SO4 will be completely absorbed with formation of nitrosyl sulphurif' 
acid 2 H2SO4 + NO + NO2 = 2 HSNO5 -f H2O. From the H2SO4 containing 
nitrosyl sulphuric acid which is collected at the bottom, the HNOg is regene^ 
rated and again allowed to pass into the chambers. This regeneration (dt- 
nitration) takes place in the above mentioned Glover tower. Such a tower is 
now found in all sulphuric acid works of any size. It serves three purposes. 
Besides regenerating the nitrous acids of the Gay-Lussac tower it has to 
cool the furnace gases which are at a temperature from 50® to 80® (averac^e 
60®), and it finally serves to concentrate the so-called chamber acids, the 
H2SO4 issuing from the lead chambers from 60 — 55® Be to 60 — 62® Be. Tiie 
Glover tower is about 3 m in diameter and 10 m high. It consists of an outside 
frame^^of cast iron lined with lead plates, which again are covered on the 
inside with acid proof stones, or (in a newer process now much in use) with 
plates of lava. Tne tower is filled with flints and the nitrous contents of the 
Gay-Lussac tower as well as the chamber acid are pumped up and the mixture 
allowed to trickle, through suitable partitions, over the flints. Simultaneously 
the hot furnace gases of the pyrites ovens at a temperature of 200—400° 
(average 300®) ascend the tower, where they are first denitratcd and then con- 
centrated to 80 % (about 61® Be). A higher degree of concentration should 
not be attempted as otherwise the material of the Glover tower is quickly 
destroyed. The denitration of the nitrous gases takes place in accordance 
with the equation, 2 HSNO5 -f SO2 + 2 HgO =- 3 H2SO4 -f 2 NO. It can 
therefore be seen, that apart from the denitration, H2SO4 is actually formed 
in the Glover tower, before the gases reach the lead chambers. The reason 
for concentrating the chamber acids in the Glover tower at the same time 
is because otherwise loss of nitre would occur through secondary reactions, 
while, as it is, the nitrous gases are also partly denitrated through the dilution 
with the chamber acids. The furnace gases, which enter the lead chambers 
from the Glover tower at about 60® C gradually lose their SO, while passing 
through the chambers, while the concentration of the regenerated NOg increases 
as it approaches the end chamber. The gases should bo of a deep red colour 
on leaving the chambers and entering the Gay-Lussao tower, and should 
still contain a certain quantity of 0. 

Some of the 80 % H2SO4 issuing from the Glover tower is pumped into 
the Gay-Lussac tower, see above, for the purpose of absorbing the nitrous 
gases, while the greater part of the acid can be directly used for many technical 
purposes, e. g. the preparation of salt-cake in the Leblanc soda process. 
For conveying the acids to the tops of the two towers, cast iron or earthenware 
pumps, and cast iron or lead pipes are used. The lifting is performed by 
compressed air. Either the nitrous vapours from outside are conducted 
into the chambers for the oxidation or the nitric acid present, which is reduced 
in the chambers to HNOg, or SOg is employed for this purpose. 
In the former case, the gases are obtained by decomposing sodium nitrate 
with H2SO4 in special nitre ovens. These ovens or furnaces however are now 
seldom used in Europe. Formerly they were not heated in any special way, 
but only by the furnace gases, coming from the pyrites ovens, which passed 
through a brick-work flue in the nitre oven and there played round the pans 
in which the decomposition of the NaNOg took place. In this case, of course, 
the furnace gases entered the Glover tower after having passed the nitre. 

When the H2SO4 is not to be used in the crude state or at the strength at 
which it leaves the Glover tower, it is purified from the many impurities, 
more especially from As and NgOg. The minor impurities separate of th^r 
own accord. To precipitate the As, HgS is developed from FeS -f 
and conducted into an arsenic precipitating tower in contact with H2pU4- 
Not only the As but other metals which can be precipitated from acid solutions, 
as well as the selenium will then be precipitated, but the HjSO* for this purpos 
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^ust be diluted to 46—500 B 6 as HgS is decomposed by the concentrated 
acid with separation of S. 

The removal of oxides of nitrogen is carried out by adding ammonium 
sulphate to the H 2 SO 4 in the evaporating pans, when the nitrogen compounds 
decompose with evolution of nitrogen as follows: — 

N 2 O 3 -f 2 NH 3 = 4 N -h 3 H 2 O. 

Should the concentration attained in the Glover tower (61—62® Be) 
not be sufficient, the H 2 SO 4 can be furtlier concentrated in cast iron vessels. 
In this case however great care must be taken that the cast iron does not 
come into contact with acid having a concentration less than 60® Be. 
The H 2 SO 4 purified by HgS, that is H 2 SO 4 diluted to 46 -50® B4 
is almost always evaporated in two stages, first to 60® Be and then further to 
06® Be. The concentration to 60® Be is almost always done in lead pans, 
cither fired from below, or heated with steam. For the second concentration 
to 65® Be, glass retorts, glass dishes, or, according to the most modern methods, 
porcelain basins are used, these being heated on sand baths. Recently a 
new material has been introduced called neutral iron^ which is highly 
resistant to H 2 SO 4 and HNO 3 , and is said to be well adapted for the con- 
struction of vessels for concentrating sulphuric acid. 

Generally apparatus of platinum is used for acid above 60® Be. From 
65® Be upwards, this metal is absolutely c.sscntial. There are three main 
Hystems : — 

1. Faure and Kessler’s system, 

2. Deplace’s system, and 

3. Prentice’s system. 

Of these, that of Kessler is the most generally employed. The platinum 
apparatus is now almost always lined with gold, after the manner introduced 
by Heraeus, which considerably increases their durability. 

If the sulphuric acid works have no Glover tower, the weak chamber acids 
are at once concentrated in leaden pans, the heat being from above. In this 
way it is true the acid obtained is darkened by the smoke but it is none the 
less very suitable for many purposes, for instance for the manufacture of 
sulphates, superphosphates, &c. 

Of late a new method protected by the Germ. Pat. 134661, and invented 
by Dr.ZANNER has become widely used. In the Zanner concentration process 
a new plan is adopted, viz. that of building pans directly into the furnace flues, 
which is very simple and saves the cost of heating. These pans are made 
of special cast iron and are fitted throughout with acid-proof earthenware 
plates, which again on their part are strengthened by perforated cross supports. 
As a protection from soot the pans are covered, and the cover for drawing off 
die gas is arranged with openings protected by safety caps so that no smoke 
or dust can enter. 

Instead of the Gay-Lussac towers, the smaller, and more effective reaction 
towers, such as the Lunge -Rohrmann plate towers, the ball tower, the Gutt- 
^UNN ball tower and other similar constructions are used. Compare “Reaction 
towers”. The same towers can also replace the lead chambers themselves, 

at is they play a distinct part themselves in generating the H 2 SO 4 , the only 
o-tception being the first named, the Lunoe-RohRxMANN apparatus. For this 
re^on the above towers are called assistant towers. 

. the Glover tower is also now often filled with earthenware cones, basins, 
PTos, &c. instead of with flints. , 

A large portion of the H 2 SO 4 is used in the preparation of saltcake Na 2 b 04 , 
th product in the manufacture of NaoCOg. Since the CaS of 

inf j waste has been made available through the comparatively recent 
^troduction of Change’s process it may be pretty safely prophesied 
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that pyrites will be more and more replaced by alkali waste in the manufacture 
of H 2 SO 4 ; see “Sulphur'*. For by this process the HgS obtained from CaS 
is burnt to SOg and steam. The heat is sufficient to work the Glover tower 
and at the same time to concentrate the acids in the lead evaporating pans 
which are placed on the furnace. After their passage through the Glover 
tower the gases derived from the burning of the HgS are conducted into the 
lead chambers where they are converted, almost quantitatively, into IG^O 
The sulphuric acid thus obtained is almost pure, there being no As ()r Pe 
present. 

The new anhydride process is of the greatest importanee and is now carried 
out in numerous ways. Concerning this method see “Sulphuric acid an- 
hydride”. By simply dissolving the latter in HgO pure H 2 SO 4 of any con- 
centration can be obtained, or SO, vapour can be passed into 50 % 11., SO^ 
whereby acid of any desired strength, containing any percentage of anhydride 
can be prepared. When the anhydride process was discovered it was pro- 
phesied generally that it would gradually replace the complicated and clumsy 
lead-chamber method. It seems however that for cases where the object is 
the preparation of weak or not very pure acid the older, and well tested process 
continues and will continue to hold its own against the new comer, wliich after 
all is not, as yet, so well proven, is more difficult to manage and is restricted 
by the fact that it can only be worked under a licence. This explains why 
lead-chamber works are still being built. It is said that the Meyer tangential 
chamber system (Germ. Pat. 101376, also Germ. Pat. 186164) which uses 
round chambers in conjunction with reaction towers and ventilators offers 


many advantages, and is increasing in favour. In addition to the anhydride 
method, there is another process for the preparation of pure H. 2 !S() 4 . This 
consists in cooling moderately pure 98% acid to — 10 ^ when the monoliydrate 
H 2 SO 4 separates. By recrystallziation a much purer product is oljtaiiied. 
Aosolutely chemically pure H 2 SO 4 is obtained by the fractional distillation of 
technically pure acid, but the latter must on no account contain any volatile 
compounds, more particularly As and HF. 

The experiments for preparing H 2 SO 4 by the electrolytic oxidation 
seem not to have attained any industrial importance. The Germ. Pat. 1271)85 

E rotects a process for electrolysing dilute sulphuric acid. A diaphragm is used 
etween the liquid and gas chambers, and SOg is passed into the anode com- 
partment. The SO 2 is there oxidized quantitatively to sulphuric acid while 
simultaneously pure hydrogen in equivalent amount is formed at the cathode. 
Another process (Germ. Pat. 117129) also deals with the electrolytic conversion 
of SO 2 into H 2 SO 4 and gives the same result as the above-named patent, 
by adding manganese sulphate as an oxidizing agent to the sulphuric acid 
in the anode compartment. In this way, it is said a sulphuric acid of 63.0 be 
is obtained from SO 2 . For the present however it seems doubtful wlndher 
an electrolytical sulphuric acid process can hold its own for practical and 


economical purposes. .. 

Finally processes for obtaining H 2 SO 4 and HCl by means of Cl and ot 2 
simultaneously have been described. Of these processes there may be mcntionc<^ 
those described in Germ. Pat. 157043 and 157044. According to these 
gases from pyrites furnaces and d are conducted from below into a reaction 
tower filled with stones, while from above only sufficient H 2 O 
necessary for the formation of concentrated HgSO^ and gaseous HCl. 
further details see patent specification. The pate 6 %s will probably prove 
no great importance in sulphuric acid manufacture. “Per- 

See also “Sulphuric anhydride”, “Fuming sulphuric acid”, and i 
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Specific 

Gravity 

15® 

(in vacuo) 

Degrees 

Baume 

Degrees 

Twaddell 

100 parts by weight 
contain (as pure acid) 

1 liter contains (reckoned 
as chemically pure acid) 

SO 3 

7« 

H 2 SO 4 

®/ 

IQ 

60“ 

acid 

/o 

50“ 

acid 

Vq 

Kilo 

SO3 

Kilo 

H 2 SO, 

Kilo 

60“ 

acid 

Kilo 

50“ 

acid 

1.000 

0 

0 

0.07 

0.09 

0.12 

0.14 

0.001 

0.001 

0.001 

0.001 

1.005 

0.7 

1 

0.68 

0.83 

1.06 

1.33 

0.007 

0.008 

0.011 

0.013 

1.010 

1.4 

2 

1.28 

1.67 

• 2.01 

2.51 

0.013 

0.016 

0.020 

0.026 

1.015 

• 2.1 

3 

1.88 

2.. 30 

•2.95 

3.68 

0.019 

0.023 

0.030 

0.037 

1.0-20 

‘2.7 

4 

2.47 

3.03 

3.88 

4.85 

0.025 

0.031 

0.040 

0.050 

1.025 

3.4 

5 

3.07 

3.76 

4.82 

6.02 

0.032 

0.039 

0.049 

0.062 

1.030 

4.1 

6 

3.67 

4.49 

5.78 

7.18 

0.038 

0.016 

0.059 

0.074 

1.035 

4.7 

7 

4.27 

5.23 

6.73 

8.37 

0.044 

0.054 

0.070 

0.087 

1.040 

5.4 

8 

4.87 

5.96 

7.64 

9.54 

0.051 

0.062 

0.079 

0.099 

1.045 

6.0 

9 

5.45 

6.67 

8.5.5 

10.67 

0.057 

0.071 

0.089 

0.112 

1.050 

6.7 

10 

6.02 

7.37 

9.44 

11.79 

0.063 

0.077 

0.099 

0.1‘24 

1.055 

7.4 

11 

6.69 

8.07 

10.. 34 

12.91 

0.070 

0.085 

0.109 

0.136 

1.000 

8.0 

12 

7.16 

8.77 

11. ‘24 

14.03 

0.076 

0.093 

0.119 

0.149 

1,005 

8.7 

13 

7.73 

9.47 

1-2. 14 

15.15 

0.082 

0.102 

0.1 ‘29 

0.161 

1.070 

9.4 

14 

8.32 

10.19 

13.05 

16.30 

0.089 

0.109 

0.140 

0.174 

1.075 

10.0 

15 

8.90 

10.90 

13.96 

17.44 

0.096 

0.117 

0.150 

0.188 

l.OSO 

10.6 

16 

9.47 

11.60 

14.87 

18.56 

0.103 

0.125 

0.161 

0.‘201 

1.0S5 

11.2 

17 

10.04 

1‘2.30 

1.5.76 

19.68 

0.109 

0.133 

0.171 

0.213 

1.000 

1 1.9 

18 

10.60 

12.99 

16.65 

‘20.78 

0.116 

0.142 

0.181 

0.227 

1.095 

12.4 

19 

11.16 

13.67 

17.52 

21.87 

0 . 1 ‘22 

0.1.50 

0.192 

0.240 

1.100 

13.0 

20 

11.71 

14.35 

18.39 

‘22.96 

0.1‘29 

0.158 

0.‘202 

0.253 

1.105 

13.6 

21 

12.27 

15.03 

19.‘26 

‘24.05 

0.136 

0.166 

0.212 

0.266 

1.110 

14.2 

22 

12.82 

15.71 

‘20.13 

•25.14 

0.143 

0.175 

0.223 

0.279 

1.115 

14.9 

23 

13.36 

16.36 

•20.96 

•26.18 

0.149 

0.183 

0.234 

0.292 

1.120 

15.4 

24 

13.89 

17.01 

21.80 

‘27. ‘22 

0.156 

0.191 

0.215 

0.305 

1.125 

16.0 

25 

14.42 

17.66 

‘22.63 

‘28.26 

0.162 

0.199 

0.255 

0.318 

1.130 

16.5 

26 

14.95 

18.31 

‘23.47 

29.30 

0.169 

0.‘207 

0.265 

0.331 

1.135 

17.1 

27 

15.48 

18.96 

24.29 

30.34 

0.176 

0.215 

0.276 

0.344 

1.140 

17.7 

28 

16.01 

19.61 

25.13 

31.38 

0.183 

0.‘223 

0.‘287 

0.358 

1.145 

18.3 

29 

16.54 

20.26 

25.96 

32.42 

0.189 

0.‘231 

0.297 

0.371 

1.150 

18.8 

30 

17.07 

20.91 

‘26.79 

33.46 

0.196 

0.‘239 

0.308 

0.385 

1.155 

19.3 

31 

17.59 

21.55 

27.61 

34.48 

0.‘203 

0.248 

0.319 

0.398 

1.100 

19.8 

32 

18.11 

22.19 

28.43 

35.50 

0.210 

0.257 

0.330 

0.412 

1.165 

20.3 

33 

18.64 

22.83 

29.‘2.5 

36.53 

0.217 

0.266 

0.341 

0.426 

1.170 

20.9 

34 

19.16 

23.47 

30.07 

37.55 

0.-2‘24 

0.-275 

0..352 

0.439 

1.175 

21.4 

36 

19.69 

24.12 

30.90 

38.59 

0.231 

0.‘283 

0.363 

0.453 

1.180 

22.0 

36 

20.21 

1 24.76 

31.73 

39.62 

0.‘238 

0.292 

0.374 

0.467 

1.185 

22.5 

37 

20.73 

26.40 

32..55 

40.64 

0.‘246 

0.301 

0.386 

0.481 

, 1.190 

23.0 

38 

21.26 

26.04 

33.37 

41.66 

0.‘253 

0.310 

0.397 

0.496 

1.195 

23.6 

39 

21.78 

26.68 

34.19 

4‘2.69 

0.260 

0.219 

0.409 

0.611 

1.200 

24.0 

40 

22.30 

27.32 

36.01 

43.71 

0.‘268 

0.328 

0.4-20 

0.525 

1.205 

24.6 

41 

22.82 

27.95 

36.83 

44.72 

0.275 

0.337 

0.432 

0.539 

1.210 

25.0 

42 

23.33 

28.58 

36.66 

45.73 

0.282 

0.346 

0.444 

0.553 

1.215 

25.5 

43 

23.84 

29.21 

37.45 

46.74 

0.290 

0.355 

0.455 

0.568 

1.220 

26.0 

44 

24.36 

29.84 

38.23 

47.76 

0.‘297 

0.364 

0.466 

0.583 

1.225 

26.4 

46 

24.88 

30.48 

39.06 

48.77 

0.305 

0.373 

0.478 

0.598 

1.230 

26.9 

46 

26.39 

31.11 

39.86 

49.78 

0.312 

0.382 

0.490 

0.612 

1.235 

27.4 

47 

26.88 

31.70 

40.61 

50.72 

0.3‘20 

0.391 

0.50-2 

0.626 

1.240 

27.9 

48 

26.36 

32.28 

41.37 

61.65 

0.327 

0.400 

0.513 

0.640 

1 .245 

28.4 

49 

26.83 

32.86 

42.11 

5‘2.58 

0.334 

0.409 

0.5‘24 

0.655 

1.250 

28.8 

60 

27.29 

33.43 

42.84 

63.49 

0.341 

0.418 

0.535 

0.669 

1 .255 

29.3 

61 

27.76 

34.00 

43.57 

64.40 

0.348 

0.426 

0.547 

0.683 

1.200 

29.7 

62 

28.22 

34.67 

44.30 

65.31 

0.356 

0.436 

0.668 

0.697 

1.265 

30.2 

63 

28.69 

35.14 

46.03 

66.22 

0.363 

0.444 

0.570 

0.711 

1.270 

1 30.6 

54 

29.16 

35.71 

46.76 

67.14 

0.370 

0.463 

0.681 

0.7‘25 


Blvicher. 
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Specific 
Gravity 
16“ 
at 7 - 

(in vacuo) 


100 parts by weight 
contain (as pure acid) 

so. H.SO. 



1 liter 
as ch 

contains (reckoned 
emically pure acid) 

Kilo 

Kilo 

Kilo 

Kilo 

SO, 

H,SO, 

60“ 

acid 

50'' 

acid 

0.377 

0.462 

0.693 

0.740 

0.386 

0.472 

0.605 

0.75.5 

0.393 

0.481 

0.6J7 

0.770 

0.400 

0.490 

0.629 

0.785 

0.408 

0.600 

0.641 

0.80(J 

0.416 

0.610 

0.653 

0.815 

0.424 

0.619 

0.665 

0.830 

0.432 

0.529 

0.677 

0.845 

0.439 

0.638 

0.689 

0.800 

0.447 

0.648 

0.702 

0.870 

0.466 

0.667 

0.714 

0.892 

0.462 

0.567 

0.727 

0.908 

0.471 

0.677 

0.739 

0,923 

0.479 

0.686 

0.751 

0.938 

0.486 

0.596 

0.763 

0.953 

0.494 

0.605 

0.775 

0.908 

0.602 

0.614 

0.787 

0,983 

0.609 

0.624 

0.800 

0.998 

0.617 

0.633 

0.812 

1.014 

0.626 

0.643 

0.824 

1.029 

0.633 

0.663 

0.836 

1.044 

0.641 

0.662 

0.849 

1.060 

0.549 

0.672 

0.861 

1.075 

0.667 

0.682 

0.873 

1.091 

0.664 

0.692 

0.886 

1.107 

0.673 

0.702 

0.899 

1.123 

0.681 

0.711 

0.912 

1.1.38 

0.689 

0.721 

0.924 

1.154 

0.697 

0.730 

0.937 

1.170 

0.604 

0.740 

0.949 

1.185 

0 612 

0 760 

0 961 

1 200 

0.620 

0.759 

0.973 

1.215 

0.628 

0.769 

0.986 

1.230 

0.936 

0.779 

0.998 

1.240 

0.643 

0.789 

1.010 

1.201 

0.661 

0.798 

1.023 

1.277 

0.669 

0.808 

1.035 

0.292 

0.667 

0.817 

1.047 

1.307 

0.676 

0.827 

1.069 

1.323 

0.683 

0.837 

1.072 

1.338 

0.691 

0.846 

1.084 

1.354 

0.699 

0.866 

1.097 

1.370 

0.707 

0.866 

1.109 

1.385 

0.715 

0.876 

1.122 

1.400 

0.723 

0.886 

1.134 

I.4I < 

0.731 

0.896 

1.147 

1.433 

0.739 

0.906 

1.160 

1.449 

1.405 

1.481 

1.498 

1.514 

1.531 

1.647 

1.563 

1.579 

0.748 

0.916 

1.174 

0.766 

0.926 

1.187 

0.764 

0.936 

1.199 

0.773 

0.946 

1.213 

0.781 

0.967 

1.226 

0.789 

0.967 

1.239 

0.797 

0.977 

1.262 

0.806 

0.987 

1.264 
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Specific 

Gravity 

15° 
at ^o” 

(in vacuo) 

Degrees 

Baum6 


100 parts by weight 
contain (aa pure acid) 

1 liter contains (reckoned 
as chemically pure acid) 

SO, 

% 

HjSO* 

oyo 

60“ 

acid 

7« 

50“ 

acid 

“/ 

/o 

Kilo 

SO, 

Kilo 

H^SO* 

Kilo 

60“ 

acid 

Kilo 

60“ 

acid 

1.560 

61.2 

110 

62.46 

64.26 

82.34 

102.82 

0.813 

0.996 

1.276 

1.593 

1.666 

51.6 

111 

62.79 

64.67 

82.87 

103.47 

0.821 

1.006 

1.289 

1.609 

1.560 

61.8 

112 

63.12 

65.08 

83.39 

104.13 

0.829 

1.015 

1.301 

1.624 

1.565 

62.1 

113 

63.46 

65.49 

83.92 

104.78 

0.837 

1.026 

1.313 

1.640 

1.570 

62.4 

114 

63.80 

65.90 

84.44 

105.44 

0.845 

1.036 

1.326 

1.665 

1.676 

62.7 

116 

64.13 

66.30 

84.95 

106.08 

0.863 

1.044 

1.338 

1.671 

1.580 

63.0 

116 

54.46 

66.71 

85.48 

106.73 

0.861 

1.054 

1.351 

1.686 

1.685 

63.3 

117 

64.80 

67.13 

86.03 

107.41 

0.869 

1.064 

1.364 

1.702 

1.590 

63.6 

118 

66.18 

67.59 

86.62 

108.14 

0.877 

1.076 

1.377 

1.719 

1.595 

63.9 

119 

66.66 

68.05 

87.20 

108.88 

0.886 

1.086 

1.391 

1.737 

1.600 

64.1 

120 

65.93 

68.51 

87.79 

109.62 

0.895 

1.096 

1.405 

1.754 

1.605 

64.4 

121 

66.30 

68.97 

88.38 

110.35 

0.904 

1.107 

1.419 

1.772 

1.610 

64.7 

122 

66.68 

69.43 

88.97 

111.09 

0.913 

1.118 

1.432 

1.789 

1.615 

66.0 

123 

67.05 

69.89 

89.56 

111.82 

0.921 

1.128 

1.446 

1.806 

1.620 

66.2 

124 

67.40 

70.32 

90.11 

112.51 

0.930 

1.139 

1.460 

1.823 

1.626 

66.6 

126 

67.76 

70.74 

90.65 

113.18 

0.938 

1.160 

1.473 

1.840 

1.630 

66.8 

126 

68.09 

71.16 

91.19 

113.86 

0.947 

1.160 

1.486 

1.867 

1.635 

66.0 

127 

68.43 

71.67 

91.71 

114.61 

0.956 

1.170 

1.499 

1.873 

1.640 

66.3 

128 

68.77 

71.99 

92.26 

116.18 

0.964 

1.181 

1.613 

1.889 

1.645 

66.6 

129 

69.10 

72.40 

92.77 

115.84 

0.972 

1.192 

1.526 

1.905 

1.660 

66.9 

130 

69.45 

72.82 

93.29 

116.61 

0.981 

1.202 

1.640 

1.922 

1.665 

67.1 

131 

69.78 

73.23 

93.81 

117.17 

0.989 

1.212 

1.653 

1.939 

1.660 

67.4 

132 

60.11 

73.64 

94.36 

117.82 

0.998 

1.222 

1.666 

1.956 

1.665 

67.7 

133 

60.46 

74.07 

94.92 

118.61 

1.007 

1.233 

1.680 

1.973 

1.670 

67.9 

134 

60.82 

74.61 

95.48 

119.22 

1.016 

1.244 

1.696 

1.991 

1.676 

68.2 

136 

61.20 

74.97 

96.07 

119.95 

1.026 

1.256 

1.609 

2.009 

1.680 

58.4 

136 

61.67 

75.42 

96.66 

120.67 

1.034 

1.267 

1.623 

2.027 

1.685 

68.7 

137 

61.93 

76.86 

97.21 

121.38 

1.043 

1.278 

1.638 

2.046 

1.690 

68.9 

138 

62.29 

76.30 

97.77 

122.08 

1.053 

1.289 

1.652 

2.064 

1.695 

69.2 

139 

62.64 

76.73 

98.32 

122.77 

1.062 

1.301 

1.667 

2.082 

1.700 

69.6 

140 

63.00 

77.17 

98.89 

123.47 

1.071 

1.312 

1.681 

2.100 

1.705 

59.7 

141 

63.35 

77.60 

99.44 

124.16 

1.080 

1.323 

1.696 

2.117 

1.710 

60.0 

142 

63.70 

78.04 

100.00 

124.86 

1.089 

1.334 

1.710 

2.136 

1.716 

60.2 

143 

64.07 

78.48 

100.66 

126.67 

1.099 

1.346 

1.726 

2.154 

1.720 

60.4 

144 

64.43 

78.92 

101.13 

126.27 

1.108 

1.357 

1.739 

2.172 

1.725 

60.6 

146 

64.78 

79.36 

101.69 

126.98 

1.118 

1.369 

1.764 

2.191 

1.730 

60.9 

146 

66.14 

79.80 

102.26 

127.68 

1.127 

1.381 

1.769 

2.209 

1.735 

61.1 

147 

66.60 

80.24 

102.82 

128.38 

1.136 

1.392 

1.784 

2.228 

1.740 

61.4 

148 

66.86 

80.86 

103.38 

129.09 

1.146 

1.404 

1.799 

2.247 

1.745 

61.6 

149 

66.22 

81.12 

103.96 

129.79 

1.166 

1.416 

1.814 

2.265 

1.750 

61.8 

160 

66.68 

81.66 

104.62 

130.49 

1.166 

1.427 

1.829 

2.284 

1.755 

62.1 

161 

66.94 

82.00 

106.08 

131.20 

1.176 

1.439 

1.845 

2.303 

1.760 

62.3 

162 

67.30 

82.44 

106.64 

131.90 

1.185 

1.461 

1.869 

2.321 

1.765 

62.6 

163 

67.66 

82.88 

106.21 

132.61 

1.194 

1.463 

1.874 

2.340 

1.770 

62.8 

154 

68.02 

83.32 

106.77 

133.31 

1.204 

1.476 

1.890 

2.369 

1.775 

63.0 

156 

68.49 

83.90 

107.61 

134.24 

1.216 

1.489 

1.908 

2.381 

1.780 

63.2 

166 

68.98 

84.60 

108.27 

136.20 

1.228 

1.604 

1.928 

2.407 

1.785 

63.6 

167 

69.47 

86.10 

109.06 

136.16 

1.240 

1.619 

1.947 

2.432 

1.790 

63.7 

168 

69.96 

86.70 

109.82 

137.14 

1.262 

1.634 

1.966 

2.466 

1.795 

64.0 

169 

70.46 

86,30 

110.68 

138.08 

1.266 

1.649 

1.983 

2.479 

1.800 

64.2 

160 

70.94 

86.90 

111.36 

139.06 

1.277 

1.664 

2.004 

2.603 

1.806 

64.4 

161 

71.60 

87.60 

112.26 

140.16 

1.291 

1.681 

2.026 

2.630 

1.810 

64.6 

162 

72.08 

88.30 

113.16 

141.28 

1.306 

1.698 

2.048 

2.558 

1.816 

64.8 

163 

72.69 

89.05 

114.11 

142.48 

1.319 

1.621 

2.071 

2.687 

1.820 

66.0 

164 

73.51 

90.06 

115.33 

144.08 

1.338 

1.639 

2.099 

2.622 
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SUHPHURIC ACID. 


Specific 

Gravity 

150 

at 

(in vacuo) 

Degrees 

Baume 

Degrees 

Twaddell 

100 parts by weight 
contain (as pure acid) 

1 liter contains (reckoned 
as chemically pure acid) 

SO 3 

'Vo 

H 2 S 04 

OjO 

60® 

acid 

0 / 

/o 

60® 

acid 

“/ 

/o 

Kilo 

SO 3 

Kilo 

H 3 SO 4 

Kilo 

60® 

acid 

Kilo 

50“ 

acid 

1.821 



_ 

7 : .63 

90.20 

116.69 

144.32 

1.341 

1.643 

2.104 

2 .r»‘?s 

1.822 

65.1 

— 

73.80 

90.40 

116.84 

144.64 

1.345 

1.647 

2.110 

2 6 : 1 , j 

1.823 

— 

— 

73.96 

90.60 

116.10 

144.96 

1.348 

1.651 

2.116 

2.043 

1.824 

66.2 

— 

74.12 

90.80 

116.35 

145.28 

1.352 

1.666 

2.122 


1.825 

— 

166 

74.29 

91.00 

116.61 

145.60 

1.366 

1.661 

2.128 

2. 057 

1.826 

65.3 

— 

74.49 

91.26 

116.93 

146.00 

1.360 

1.666 

2.13.-) 

2.000 

1.827 

— 

— 

74.69 

91.60 

117.26 

146.40 

1.364 

1.671 

2.142 


1.828 

65.4 

— 

74.86 

91.70 

117.51 

146.72 

1.368 

1.676 

2.148 

2.GS'2 

1.829 

— 



75.03 

91.90 

117.76 

147.04 

1.372 

1.681 

2.151 

2.0S9 

1.830 

— 

166 

;5.19 

92.10 

118.02 

147.36 

1.376 

1.685 

2.159 

2.090 

1.831 

65.5 


76.35 

92.30 

118.27 

147.68 

1.380 

1.690 

2.105 

2.704 

1.832 

— 


75.63 

92.52 

118.56 

148.03 

1.384 

1.695 

2.172 

2.711 

1.833 

66.6 


75.72 

92.75 

118.85 

148.40 

1.388 

1.700 

2.178 

2.720 

1.834 

— 

— 

75.96 

93.05 

119.23 

148.88 

1.393 

1.706 

2.186 

2.730 

1.835 

65.7 

167 

76.27 

93.43 

119.72 

149.49 

1.400 

1.713 

2.196 

2.743 

1.836 

— 

— 

76.57 

1 93.80 

120.19 

150.08 

1.406 

1.722 

2.207 ! 

2. 75,-1 

1.837 

— 

— 

76.90 

94.20 

120.71 

160.72 

1.412 

1.730 

2.217 

2.709 

1.838 

65.8 

— 

77.23 

94.60 

121.22 

161.36 

1.419 

1.739 

2.228 i 

2.782 

1.839 

— 

— 

77.65 

95.00 

121.74 

152.00 

1.426 

1.748 

2.239 

2.795 

1.840 

65.9 

168 

I 78.04 

95.60 

122.51 

152.96 

1.436 

1.759 

2.254 

2.814 

1.8406 

— 

— 

78.33 

96.95 

122.96 

153.62 

1.441 

1.765 

2.262 

2.825 

1.8410 

— 

— 

79.19 

97.00 

124.30 

156.20 

1.458 

1.786 

2.288 

2.857 

1.8415 

— 

— 

79.76 

97.70 

125.20 

156.32 

1.469 

1.799 

2.305 

2.879 

1.8410 

— 

— 

80.16 

98.20 

125.84 

167.12 

1.476 

1.808 

2.317 

2,89.3 

1.8405 

— 

— 

80.67 

98.70 

126.48 

157.92 

' 1.483 

1.816 

2.328 

2.906 

1.8400 

— 

— 

80.98 

99.20 

127.12 

158.72 

1.490 

1.825 

2.339 

2.920 

1.8395 

— 

— 

81.18 

99.45 

127.44 

159.12 

1.494 

1.830 

2.344 

2.927 

1.8390 

— 

— 

81.39 

99.70 

127.76 

169.62 

1.497 

1.834 

2.349 

2.933 

1.8385 



81.59 

99.96 

128.08 

169.92 

1.500 

1.838 

2.355 

2.940 


It readily absorbs moisture from the air. At a low temperature it solidifios 
to a crystalline mass which melts at a temperature of 10.5*^. At the ordinan 
temperature it is the strongest of all acids. 

The above table by Lunge and Isler gives the S. G. of sulphuric acid -I 
various concentrations. 

The following table by Anthon shows the diminution in voluiiie when 
H 2 SO 4 (S. G. 1.84) is mixed with water. 

10 % HjSOi boils at 102", 20 % at 105®, 30 % at 108®, 40 % at 114®, 50 
at 124®, 60 % at 141.6®, 70 % at 170®, 80 % at 207®, 90 % at 262.5®, and 95 % 
at 296°. 

To avoid confusion with fuming sulphuric acid tlio ordinary concentrated 
commercial acid is generally termed (in Germany) English sulphuric acid. 
In Germany H 2 SO 4 is the most important of all acids and indeed of the 
most important industrial chemicals. It is used for so many purposes that 
it is impossible to mention them here. 

Test. The determination of the strength is usually calculated froni the 
S. G. by the help of the preceding tables. For the rest, 2 — 3 g of H 2 SO 4 
carefully weighed, diluted with HgO and titrated with normal sodium hydroxide. 
Methyl orange is the best indicator but as small a quantity as possible 
be used and care must be taken that the temperature is not above the normal- 
The test for impurities and the determination of their amount is carried ou 
by the usual analytical methods. 
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10 <) parts by 
weisht of water 
at 15— 20* 
niixcd with 
parts by weight 
of H,S 04 
( S . o . 1.84) 

Give acid 
of S. G. 

100 parts by 
weight of water 
at 15— 20*» 
mixed with 
parts by weight 
of H,SO« 

(8. G. 1.84) 

Give acid 
of S. (i. 

100 parts by 
weight of water 
at 15—20* 
mixed with 
parts by weight 
of H,SO« 

(8. G. 1.84) 

60 ve acid 
of 8. Cr. 

1 

1.009 

130 

1.456 

370 

1.723 

2 

1.015 

140 

1.473 

380 

1.727 

5 

1.035 

150 

1.490 

390 

1.730 

10 

1.060 

160 

1.510 

400 

1.733 

15 

1.090 

170 

1.530 

410 

1.737 

20 

1.113 

180 

1.543 

420 

1.740 

25 

i.no 

190 

1.556 

430 

1.743 

30 

1.165 

200 

1.568 

440 

1.746 

35 

1.187 

210 

1.580 

450 

1.750 

40 

1.210 

220 

1.593 

460 

1.764 

45 

1 .229 

230 

1.606 

470 

1.757 

50 

1.248 

240 

1.620 

480 

1.760 

55 

1.265 

250 

1.630 

490 

1.763 

60 

1.280 

260 

1.640 

500 

1.766 

65 

1.297 

270 

1.648 

510 

1.768 

70 

1,312 

280 

1.654 

520 

1.770 

75 

1.326 

290 

1.067 

530 

1.772 

80 

1.340 

300 

1.678 

540 

1.774 

86 

1.357 

310 

1.689 

550 

1.776 

90 

1.372 

320 

1.700 

560 

1.777 

95 

1.386 

330 

1.705 

670 

1.778 

100 

1.398 

340 

1.710 

580 

1.779 

110 

1.420 

350 

1.714 

690 

1.780 

120 

1.4,38 

360 

1.719 

600 

1.782 


To detect sulphurous acid the H 2 SO 4 is treated with Zn and tested for HgS 
with lead paper or with an alkaline solution of sodium nitroprusside formed 
from the SOg by reduction. If a quantitative determination is necessary, it is 
made by titration witha solution of iodine. 

For nitrogen acids the best test is the well known one with diphenylamine. 
For nitrous acid m-phenylendiamine or Griess’ reagent (see “Reagents’^ 
No. 28 ) is used. For the quantitative determination of the nitrous acid the 
sample should be titrated with KMn 04 . The acid must be always added to 
the permanganate, never the permanganate to the acid. V? normal per- 
manganate solution is diluted with five times the amount of warm water 
30—40® and the sulphuric acid is allowed to flow into it from a burette with 
a glass stop cock, till the colour disappears. 1 cem % normal permanganate 
® 0 ^als 0.0095 g N 2 O 3 . If the amount of nitrous acid is very small, the test 
can be carried out colorimetrically with Griess’s reagent. The total amount 
Cl nitrogen acids can be determined by means of a nitrometer. As a test 
or arsenic Hager^s kramato method, which according to Lunge in “Chem.- 
techn. Untersuchung 8 methoden“ Vol. 1 , Berlin, 1899, is carried out for HgSO. 
H porcelain basin 6 cm in diameter 20 drops of concentrated 

^ 2 f ^04 and 40 drops of HjO are placed. This is then treated with 1.6 g of 
inley powdered sodium bi-carbonate and if, after stirring for 5 minutes, any 
NaHCOg remains undissolved the mixture is warmed. Then 
IT n-mmonia and about 2 g of ammonium oxalate are added so that the 

^ completely combined — this is absolutely necessary for the accuracy 
ZiA — finally about 30 drops of HQ are added to render it strondy 

f \ ^ brass plate is then scoured with sand and carefully dried and on this 
nmr liquid is placed . The plate is warmed at first gently, then heated 

strongly over a small flame. After washing the salt stam off there wiU 
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then be a spot left which will be grey to red or even black, according to the 
amount of As present. For the quantitative determination of As, Hatten- 
saur's method is recommended ‘^Zeitschr. f. angew. Chem.*' 1896, 130. The 
method is as follows, 500 ccm HJSO4 are diluted with 500 com HgO to which 
500 ccm diluted HG, 1 : 2, are added, the mixture being cooled. While stili 
cold, H2S is passed through for one hour, and the precipitated AsgSg which is 
free from lead, filtered and washed in a platinum or porcelain Gooch crucible. 
It is washed with hot alcohol to remove traces of sulphur, dried, and the As^Sj 
weighed. 

Instead of using a Gooch crucible the ppt. may be washed and dissolved 
in 20 ccm dilute NH3 (1:2), the solution evaporated in a porcelain dish, 
oxidized to arsenic acid and the arsenic estimated as ammonium magnesium 
arsenate. 

Salpharic acid: 

Brotherton A Co. Ld., City Chambers, Leeds. 


Sulphuric acid, fuming (Nordhausen sulphuric acid). This is a niixturc 
of H2SO4 and SO3. Formerly the following process was always employed for 
its preparation. “Vitriol slate” was sprinkled with 30 % of pyrites; this 
readily decomposes on exposure to the air giving FeS04, and after a longer 
exposure Fe2(S04)3. After three years* exposure to the air the weath(w-\vorn 
vitriol slate was leached and the liquor evaporated to the consistency of a 
syrup. It was then allowed to trickle over flag stones and during 
this process the crude “vitriol stone** separates. This “vitriol stone” 
contains ferric- and some ferrous sulphate, besides the sulphates of Ca, Mg 
and Al. It was then calcined in ovens at a gentle heat; the H2O was removed 
and the FeS04 converted into Fe2(S04)3. The calcined “stone** was then 
pulverized and subjected to dry distillation in earthenware retorts. Each 
retort contained 1 — 3 kg material; 30 to 35 such retorts lay side by side 
in a row, 3 — 4 rows deep in a so-called galley furnace. HgO or H2SO4 was 
found in the receiver, while Fe203 (caput-mortuum) remained behind in the 

retorts. 1 

Later fuming sulphuric acid was made chiefly from the NaHS04 obtained 
as a by-product in the manufacture of nitric acid (q. v.). The NallSOj on 
being heated is first converted into sodium pyrosiilphate Na2S207, which 
decomposes on further heating into Na2S04 + SO3. The SO3 is caught in 
H2SO4. The Na2S04 in the retort is again converted into NaHS04 the 
addition of H2SO4, which is then redistilled. A fused mixture of NaHoU^ 
and MgS04 decomposes at a lower temperature than pure NaHS04, yielding 
SO 

After this, Winkler*s process (see preceding article) became of importance, 
now, however this substance is obtained by the absorption in H2SO4 of 10 
su^hur trioxide obtained by the contact process. . 

Fuming sulphuric acid is an oily, light-brown to colourless fluid which giv 
off SO3 \^men exposed to the air. S. G. 1.86 — 1.90. When cooled to 
of pyrosulphurio acid HjSgO separate. This compound H2S2O7 
temperature of 35° decomposing into H2SO4 and SO3. Fuming 
acid below 35° can therefore be considered as a solution of H2S2O7 m “2*^ * 
but above 35° as a solution of SO3 in H2SO4. 

The following tables by Cl. Winkler show the density of the coniine 
acid at 20°. 

Test. The difficulty lies in the fact that the SO3 evaporates at the 
temperature, that the acid is extremely hydroscopic and that 
with HgO with violence. The samples are therefore weighed in tnn 
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.G. 

at 

iO* 

Total 

SO, 

100 parts contains 

S.G. 

at 

20* 

Total 

SO, 

100 parts contains 

SO, re- 
movable 
by distil- 
lation 

HiSO, 

acid 

of 

00* B6 

SO, re- 
movable 
by distil- 
lation 

H,SO, 

acid 

of 

66* 

.835 

76.31 


92.25 

100,00 

1.905 

83.57 

10.66 

89.44 

66.34 

K40 

77.38 

— 

94.79 

91.61 

1.910 

83.73 

11.43 

88.57 

66.91 

.845 

79.28 

— 

97.11 

83.92 

1.915 

84.08 

13.33 

86.67 

64.48 

860 

80.01 

— 

98.01 

80.91 

1.920 

84.66 

15.96 

84.05 

62.73 

.865 

80.96 

— 

99.16 

77.15 

1.926 

86.06 

18.67 

81.33 

60.61 

,860 

81.84 

1.54 

98.46 

73.66 

1.930 

85.57 

21.34 

78.66 

68.44 

.865 

82.12 

2.66 

97.34 

72.43 

1.936 

86.23 

25.65 

74.36 

56.77 

.870 

82.41 

4.28 

96.76 

71.24 

1.940 

86.78 

28.03 

71.97 

63.64 

.876 

82.63 

6.44 

94.66 

70.06 

1.946 

87.13 

29.94 

70.06 

62.12 

.880 

82.81 

6.42 

93.68 

69.62 

1.950 

87.41 

31.46 

68.54 

60.99 

.886 

82.97 

7.29 

92.71 

68.97 

1.955 

87.66 

32.77 

67.23 

50.02 

.890 

83.13 

8.16 

91.94 

68.23 

1.960 

88.22 

36.87 

64.13 

47.71 

.895 

83.43 

9.34 

90.66 

67.48 

1.965 

88.92 

39.68 

60.32 

44.87 

.900 

83.48 

10.07 

89.93 

66.91 

1.970 

89.83 

44.64 

66.36 

41.19 


with glass stoppers and then poured into cold water, or the sample is weighed 
in sealed bulbs in which case the end is broken off under cold water. 

To determine the strength, the sample is much diluted and titrated in the 
cold with N sodium hydroxide solution, methyl orange being used as in- 
dicator. The amount of sulphurous acid is determined by titration with a 
solution of iodine. For this and other tests compare also those given at the 
end of the article on “Sulphuric acid'\ 


Sulphuric anhydride. Sulphur trioxide SO3. This was formerly prepared 
by heating fuming sulphuric acid (q. v.), or by heating perfectly anhydr^^s 
Fe,(SO.)„ or sodium pyrosulphate Na-SjO,, either alone or mixed with MgbO.. 
Of late it has been obtained by synthesis from SOj and 0. This process is always 
said to be due to Cl. Winkler, but this is only true as regards the theoretical 
aspect of the case. Winkler decomposes concentrated HjSO, by i^ense hew, 
in earthenware retorts filled with pieces of quartz forming S()2, H20 and U, 
allows the steam to be absorbed by concentrated H2SO4, and conducts the dry 
gas through glazed porcelain tubes filled with platinized asbestos which are 
heated to a low red heat. The platinized asbestos (q. v.) acts as a contact 
bubstance and causes the combination of SOo and 0 to form 
process WiNKLBR started on the assumption that only a mixture of bUa + , 

in the proportions in which they are obtained by the decomposition 0 con 
eentrated H2SO4, would produce SO3 with the aid of finely divided platinum. 
In the Winkler process sulphuric acid is sometimes used ; it was ormer y 
important in the manufacture of fuming sulphuric acid. 

The new process, shortly mentioned in the article on Sulphuri , 

is based in principle on this Winkler method and is one 
revolutionize the whole manufacture of sulphuric acids. Accor mg o ^ 
new method the washed, dried, arsenic-free, furnace gases b02 and U are 
passed over contact substances, when the reaction 2 SO2 + ^2 
place. This contact process, discovered under the _ mpibod 

in the Badische Anilin- und Soda-Fabrik, differs from the 
not only in the materials used but in the fact that the SOg and 0 x-x 

present in molecular proportions. The SO3 may be mixed J'**! “y 
et 0 (and of N) as in the furnace gases and the reaction proceeds r® cooled 

In this process the receptacle containing the contact ma . i 
*he outside, to lessen as much as possible the heat of t e „„ je use 

« ould otherwise unfavourably affect the product. This heat can be made use 
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of for the preliminary warming of the gases which take part in the reaction 
and lose their heat during washing. The process is described in detail in 
Germ. Pat. 113932, 113933, 119059, 133713, &c. Only a few of the numerous 
changes and improvement in this process can be mentioned here. Many atempts 
have been made to substitute other compounds for the very expensive pla. 
tinum metals. Germ. Pat. 105876, 109483, 107995, 108445, 108446, 119505 
136134, 140353, 142144, 142410, 149677 and others. Among such compounds^ 
various kinds of pyrites residues, and oxides of different light and heavy metals 
especially FcgOg nave been proposed. Of importance in this respect is the 
process given in the Germ. Pat. 128616 where vanadium compounds, and 
especially vanadic acid are used to advantage in place of platinum. Tlie asbestos 
is soaked in a solution of ammonium vanadate, then dried and brou^dit to 
a red heat. The catalytic effect of the vanadic acid continues undiminished 
even after it has been long exposed to the SO2 and O mixture. 

The Germ. Pat. 139554 advocates the preparation of SO3 from furnace 
gases by the simultaneous burning of the sulphur present as sulphides in the 
pyrites residues. The method is as follows. The residues impregnated 
with ferrous sulphate are first treated with pyrites furnace gases at a low 
temperature, 300 — 400 In this way SOg is fixed by the residue in conseijiumee 
of the presence of iron compounds. If this be now heated, to 500®, the SO, 
will be set free to a certain extent in the form of SO3. Then follows tlic pre- 
paration of further quantities of SO3 by contact effect. At the same time, 
m consequence of the moisture present in the gases, the sulphur still present 
in the refuse burns off. The process might be carried out in an economical 
fashion by continually passing the hot, impure gases escaping from the 
pyrites oven, into pyrites residues, impregnated with ferrous sulphate. Shortly 
after the introduction of the contact process into practice, it was found that 
the principal essential for the success of the method is a very careful puri- 
fication of the gases and that even traces of impurities (more especially arsenic) 
are sufficient to destroy the effect of the contact materials. To revive the 
power of platinum, which has been destroyed by arsenic, the following method 
IS given in the Germ. Pat. 135887. Steam is mixed with the hot gases streaming 
into the contact chamber, until the reaction gases escaping no longer show 
the presence of arsenic. The arsenic compounds adhering to the platinum are 
rendered volatile by this method. When no arsenic can be detected in the 
condensed acid, dry gas is again admitted and the platinum contad soon 
regains its former efficiency. 

The Germ. Pat. 142895 gives another process as follows. The inactive 
contact material is purified by mixing small amounts of volatile halogen 
compounds with the gases till the impurities of the contact material are 
volatilized and have escaped. As suitable halogen compounds, the patent 
mentions hydrochloric acid gas, sal ammoniac, chloride of sulphur, sulphuryl* 
chloride, phosgene and organic chlorides. 

The Germ. Pat. 148196 protects a method for reviving inactive platinum 
contact material by means of dry sulphurous acid (gases from pyrites ovens 
with a high percentage of SOg), which is allowed to act on the inactive materia 
at a high temperature. . 

The Germ. Pat, 154084, Lunge's process, is of special interest and vaiu 
and is carried out as follows. The metallic oxide (FejOg is the best) wnic 
serves as contact substance, is mixed with some arsenical material, ^ . 
the whole contains 5 % or more of arsenic, that is, more than freshly 
ore. After this the gases from arsenical iron pyrites is passed over the cont 
substance which must be frequently renew^. , f ff 0 

The principle of the contact process is based on the strict exclusion 01 . 

but we must mention that there are some methods which proceed on ex j 
opposite lines and indeed pump steam into the mixture. We may add how 
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(hat these inventions do not seem to be carried out in practice. The Germ 
Pat. 157767 deals with a contact process by which is directly formed 

without the intermediate formation of SO 3 . The contact substance is said to 
be granulated silicon. It is connected with the poles of an electric system 
The pyrites gases are drawn through the contact substance while the latter is 
at the same time sprinkled with water, ^lie electrolytic decomposition of 
which occurs produces a part or the whole of the 0 necessary for the 
oxidation of the SOg. 

It is impossible Imre to quote the countless patents which deal with changes 
or improvements in contact methods. The moat important, however me 
those quoted above. For the rest, there is no doubt that certainly many of 
the newer patents are of no importance whatever for practicaf purposes, 
and for reasons easily understood the public hears very little as to whether they 
arc of any commercial value. See Germ. Fat. 163835 164722 169728 17876‘^ 
179588, and 187077. 

By dissolving the SO 3 in HgO, sulphuric acids of any desired strength 
can be obtained. Or the vapour of SO 3 is allowed to react with 50 7^ H 2 SO 4 
in a reaction tower. In this way sulphuric acids of any concentration or“any 
desired amount of anhydride can be produced. The new process effects a con- 
siderable economy of fuel and also prevents the great w aste of nitre necessitated 
by the old process. 

SO;, can also be transported more economically than H 2 SO 4 , being more 
concentrated. 

Pure SO 3 below -f 16® is a solid mass of crystalline needles similar to 
asbestos. Above this temperature it is a colourless liquid S. G. at 20® of 1.97, 
B. P. 46.2®. It is extremely hygroscopic, fumes strongly on exposure to air, 
dissolves in H 2 O with a hissing noise (when dealing with large quantities it 
may become explosive) with formation of H. 2 SO 4 . 


Sulphur dioxide. S() 2 . Sulphur is burnt in a furnace with a good draught 
and the gases passed through several layers of water. Concentratf^d solutions 
are obtained by boiling H 2 SO 4 (about 62® Be) with charcoal. The decom- 
position corresponds to the equation 2 H 2 SO 4 d- C = 2 SO 2 + 2 HgO + COg. 
A small quantity of SO 3 is also formed as a by-product. To obtain pure liquid 
‘SOo the gases from pyrites or blende (see “Sulphuric acid”) are allowed to 
meet with falling H 2 O in an absorption tower. The SO., solution is then 
heated to boiling point in lead pans when the SO 2 escapes. The vapours enter 
^ pipe cooled by water and from there pass again into a boiler into which 
concentrated H 2 SO 4 is pumped. This H 2 SO 4 removes the H 2 O from the gas. 
the dry SOg then enters first a compression pump and then a cooling pipe, 
K l^he gas condenses. All the gases from the works must pass through 
absorption towers filled with chalk or through those in which HgO falls, 
the SOg causes damage to the surrounding vegetation. 

Idther processes for the preparation of liquid SO 2 are less important. One 
method of this kind is that of freezing out the water from aqueous solutions. 

According to Germ. Pat. 160940 dicalcium phosphate in presence of HgO 
\ ^ good absorbent for SO,. During absorption bisulphite and acid 
phosphate are formed. 


2 CaHPO, + 2 SOj + 2 H,0 = CaH^fPO,), + CafHSO,),. 

heating (not above lOO”) the SO, is again driven out, when the 
. cium phosphate is regenerated and can then be immediately employed 
6 in as an absorbent. By this process the SO 2 can be obtained from com- 
Paratively poor gases. ^ ^ 

2 21 1 9 ^ eolourless, pungent-smelling gas with poisonous properties. S. G. 

• (air = 1 ). It (fiasolves in H,0 at the ordinary temperature, while at 
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a lower temperature the real sulphurous acid hydrate HjSOg seems to be 
formed temporarily. 

Habpf has compiled the following tables giving the solubility of sulphur 
dioxide : 


Temp. 

0» C 

1 L. H,0 
dlasolvefl 
Litres SO| 

1 L. H.O 
dissolves 
grams SOi 

1 L. aqueous 
sat. sol. 
contains 
Litres SO( 

S. G. 

of aqueous 
solution 

Increase 
of Vol. 
from 1 — 

percenUge" 
of SO, in the 
aqueous 
solution 

0 

79.8 

228.3 

228.3 

1.0609 

1.168 

18.58 

5 

67.6 

193.1 

69.82 

1.069 

1.127 

16.16 

10 

66.6 

161.9 

61.38 

1.0547 

1.102 

13.93 

16 

47.3 

136.3 

43.66 j 

1.042 

1.090 

11.92 

20 

39.4 

112.7 

36.21 

1.0239 

1.087 

10.13 


The following tables compiled by Scott give the S. G. of aqueous solutions 
of SO2, and their contents at a temperature of 15^^ C. 


S. G. 

SOj 

0 / 

/o 

S. G. 

SO, 

0 / 

/o 

S. G. 

SO, 

0 / 

/o 

S. G. 

SO, 

0/ 

/o 

1.0028 

0.5 

1.0168 

3.0 

1.0302 

6.6 

1.0426 

8.0 

1.0066 

1.0 

1.0194 

3.5 

1.0328 

6.0 

1.0460 

8.5 

1.0086 1 

1.6 

1.0221 

4.0 

1.0363 

6.6 

1.0474 

9.0 

1.0113 

2.0 

1.0248 

4.6 

1.0377 

7.0 

1.0497 

9.6 

1.0141 

2.6 

1.0275 

6.0 

1.0401 

7.6 

1.0620 

10.0 


The gas can be condensed at normal temperature at a pressure of about 
3 atm. The liquid SOg is colourless and mobile. S. G. 1.49 at — 20°; B. P. 
— 8°; F. P. — 76°. Special rules are laid down for transport by rail. 

SO2 is used in many different ways. It is used for obtaining H2SO4, sulphates, 
thio -sulphates, sulphides, S from HgS, &c. It is used for bleaching silk, wool, 
feathers, glue and paper. The gas is a preservative for wine, grapes and 
hops. It is used as a disinfectant, and for extinguishing fires. Further it is 
used for the manufacture of ice. In the liquid state it makes an excellent 
lubricant and according to a certain patented process it is used for extracting 
fats and oils 

Test. Solutions of SO2 in H2O can be estimated by the above tables, 
unless there are impurities present (H2SO4 is frequently present). For accurate 
determination the gas is titrated with N NaOH solution with phenolphthalein 
as indicator. 

Superphosphate (Acid calcium phosphate; monocalcium phosphate). ^ 
artificial manure produced from tri-calcium phosphate by treatment witn 
H2SO4. The raw materials are natural phosphates like coprolites, phos- 
phorites, phosphatic guanos, also artifieial products like bone meal and bone 
ash. The quality of the superphosphate produced is to a great extent depen- 
dent on the quality of the raw material. . , 

In the treatment with H2SO4 1 part of the tri-calciumphosphate is 
composed with formation of CaSO^; the phosphoric acid formed at the saine 
time slowly converts the remaining tri-calcium phosphate Ca3(P04)2 ^ 
monocalcium phosphate CaH4(P04)2. The mixture of monocalcium 
with CaS04 is called superphosphate. When an insufficient amount of 
has been used part of the monocalcium phosphate is converted into 
pho^hate Ca2H2(P04)2 by the unaltered tri-calcium phosphate. ^ 
Ca2H2(P04)2 is insoluble in HgO though soluble in ammonium citrate; 1. e ^ 
amount of water-soluble phosphoric acid decreases while that of citrate-soi 
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HPO4 increases. The same phenomenon is observed if the original raw 
material contains iron in any form. 

The material chiefly used m the manufacture of superphosphate is H2SO4 
(chamber acid). If the material is very moist it has to oe fu*8t dried; only 
where concentrated H2SO4 can be obtained cheaply may the drying be omitted 
After ^ying the phosphates are finely ground and then mixed with H2SO4 
in bricklin^ vessels or in special mixing machines (the latter is now the 
more frequently used method). The objectionable gases HCl, HF and SiF4 
are blown into a tower by steam and condensed by water, soda solution or 
milk of lime. A by-product of the manufacture is hydrofluosilicic acid. 

The substance after mixing has to be stored for 1 — 2 months in airy sheds 
and be turned as little as possible. If this time is more than can be afforded, 
or if the superphosphate appears to be too moist it has to be turned more 
often or be dried artificially. When dry it is crushed and sifted. Frequently 
the material is crushed while still warm; the resulting powder dries very 
rapidly. 

Commercially superphosphates are known by names generally derived from 
the kind of material used in their manufacture. The amount of phosphoric acid 
(water-soluble -h reduced) is also given. As a rule superphosphates contain 
20 % water-soluble H8PO4. 

Double superphosphates are manures containing about double the amount 
of water -soluble H0PO4 found in the ordinary superphosphates. Free phosphoric 
acid is prepared by aecomposing phosphorites, the gypsum separated from 
the H3PO4 solution by cooling and the residue evaporated in pans to 56 ° B6. 
After cooling bone charcoal or phosphatic guano is stirred into trie concentrated 
solution in sufficient quantities to produce monocalcium phosphate. The 
solid paste is dried by hot air and crushed. 

Ammonia-superphosphate is a mixture of superphosphate with ammonium 
sulphate in varying proportion. It is used as a manure. 

See also “Manures, artificial”. 

Suprarenine see “Adrenaline”. 


Sweetening substances, artificial. 

1. Saccharine, anhydro-o-sulphamidobenzoic acid, 
phimide. 




/CO^ 


NH. 


or benzoic acid sul- 


Toluene is sulphonated with concentrated H2SO4 at a temperature not 
above 100 °. The resulting o- and p-toluene monosulphonic acids are first 
converted into the Ca-salts and then into the Na-salt. The dry Na-salts are 
treated with and Cl, the POCI3 formed is distilled off, and the mixture of 
and p- toluene sulphochlorides strongly cooled. The p-compound crystallizes 
out while the o-sulphochloride remains liquid and is separated by centrifuges, 
py the action of NHg on the latter o-toluolsulphamide is formed, which parses 
mto o-benzoic-sulphaminic acid K by oxidation with KMn04. By adding 
°^ids to the latter, water and crystals of Saccharine, separate. 

It is a white, odourless powder, very sparingly soluble in H2O, M. F. • 
% treatment with alkali carbonates easily soluble saccharine is obtamed. 
^°'0charine is also produced electrolytically by a patented method from 
O'tolueue sulphamide in alkaline solution. 

ether artifioial sweet substances are, by constitution either the same as 
®^ccharine, as for instance. 
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2. Sandoce, or 

3. Methyl saccharine. 


4. 

5. 


CeH3(CH3)<( 


CO 

SO, 


NH 


Others are: 

Dulcine (Sucrol) = phenetolcarbamide. 

Glucine, i. e. amidotri-azinesulphonic acid and its Na*salt. 


Syrup. A more or less purified saturated, viscid aqueous solution of 
sugar obtained as a by-prcduct in the manufacture of sugar. Compare 
Invert Sugar, Molasses, Glucose and Sugar manufacture. For pharmaceutical 
purposes and for making liqueurs, lemonade, &c. pure syrups are prepared 
by dissolving sugar in water. Fruit syrups contain the aromatic principles 
of the various fruits. 

Syrup-manufacturing plants : 

Volkmar Haenig & Comp., Heidenau-Dresdon, Germany (see front part advt.). 

Syrup-vacuum apparatus: 

Friedrich Heckmann, Berlin SO. 16. Briickenstr. 6b (see advts.). 

Determination of the water contents with Abbess Refractometer Prosp. Mess. 172: 

Carl Zeiss, Jena (Germany). 


T 

Taeniol. Goldman has discovered a substance called Sebirol in various 
species of Embelia which when mixed with dithymolsalicylate and turpentine 
oil is a specific for the ankylostomiasis of miners, and for intestinal worms. 

The combination mentioned is sold in gelatine capsuls as “Taeniol”. 

Talc. A hydrated magnesium silicate (hardness = 1) with a greasy touch; 
it marks cloth, and bums hard when strongly heated. Talc in the narrower 
sense {Talcum venetum) used as a white colour, as a polishing and lubricating 
agent, should be distinguished from soapstone (q. v.) the still harder Chinese 
soapstone and Spanish or Venetian chalk. 

Talc: 

Aflenzer Grafit- und Talksteingewerkschaft G. m. b. H., Aflenz (Austria). 

Tallow. The fat of oxen (beef tallow) and of sheep (mutton tallow) is hard, 
colourless, has a characteristic smell and consists usually of 75 % steanne 
and palmitine and 25 % oleine. Mutton tallow is harder than beef tallow, 
M. P. 46.5—47.50. Beef taUow M. P. 43.5—450. 

The crude fat is first washed with water to remove blood and im^rities 
and then pressed in shredding apparatus to destroy the cell walls. This is 
followed by melting (rendering) either in the dry or wet way. The dry melting 
is performed over an open fire, while by the other method the tallow is meltea 
over water or by steam. The crude tallow must be quickly worked up, other- 
wise the blood and other impurities undergo putrefaction. The 
is generally rendered at 60 — 65® and after standing for a short time poured ot 
from the impurities and pressed at 35®. The residue is prima 
the pressed out fat is oleo margarine, used for making margarine, while tn 
former is valued for candle making. If the tallow is pressed at a lower ten ‘ 
perature tallow oil is obtained. ThS is used as a lubricant and as a constituei 
of lubricating mixtures. 
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drv rendering is carried out in open brick-work vessels with constant 
• -L the temperature being raised gradually: the flames must touch only 
stirring, of the pan. At 100® the mass begins to boil and continues to do so 
the water is all driven off. The surface then remains still and the clear 
ft is ooured through a filter while from the residue (greaves, crackling) the 
!iVprin2 fat is removed in presses. This residue is used as a cattle food and also 
Tpr the fat is completely extracted with CS2, for the manufacture of ferro- 
midos (see “Iron compounds”). The unpleasant vapours emitted during 
melting process are best removed by leading them back into the furnace, 
recommends melting the tallow in a partial vacuum (350—400 mm). 

On a large scale the rendering is carried out in the wet way. The steam is 
.uw nroduced in the melting pot itself or is introduced from a boiler at a 
pressure of 1.5 to 2 atmospheres. The tallow is placed with HoO in the melting 
fots which are either open wooden vessels lined with lead, or autoclaves. 
Some H,S04 NaOH or Na^COg is usually added to increase the yield. In 

this case too ’the objectionable vapours are generally burnt. 

For some purposes the tallow must be refined. Melting over boiling water 
for some time, constantly stirring and then ^^^cring is generally suffici^^^ 
but sometimes it is treated with H2SO4 and MnOg or with H2SO4 and KgOrgO^. 
“lo be melted with the addition of HNO, or alkahea or decolo«r^ed 
dth animal charcoal, clay, SO^, ozone, KMnO,, HjOj, BaO,, &o. ihese may 
interfere with the quality of the product as regards its saponification properties. 
Tallow is used for the preparation of margarine, candles, soap, stearic acid, 

Aocor^ing'to^Norweg.'^Pat. I2/1O a substitute for tallow is obtained from 
blnl^r by m°xhig with and then abiding nitrites. Steam is then 

introduce/ and the^tallow purified by distillation. Ihc process seems to be cx- 
pensive. The product consists of fatty acids. 

Tallow Melting Plant: 

0 . Scott & Son Ld., 2 Talbot Court, London E.C. 

Tallow, vegetable. Solid vegetable fats similar to tallow. Cl^ 

{Okum aiiUingim) obtained from the seeds of ^^,‘^L’j^fu/ah 

tallow obtained from the “butter beans” of Fatmaiadico (India) and Mamrrnu 
tallow obtained from the nuts of Trichha emehca are included under 

MJan wax from Bhus su^nea (China and Japan) and the myrka wax- 

obtained from the berries of different kinds of Mynca 

included as they are genuine fats, yielding glycerme on saponification. 

Tanks. 

Iron Tanks: 

Kleino, Neuschaefer & Co., Schwelm i. W.* Germany. 

Tannal. A basic aluminium tannate. Used medicinally. 

Tannalbine. An albumin compound of tannic acid, used as an intestin 
astringent in catarrh of the large intestine. 

TannaUne films. Gelatine fUms hardened by formaldehyde used for photo- 
graphic purposes. 

Tannalum. There is tannalum sdybik, i. e. 
l^nrudnm insdvbik, i. e. basic aluminium tannate The Mterj obta^ 
by precipitating an Alj(SO.), solution by a solution of tanmc acia m inh, 
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Tanniobn. 


When this brown powder, insoluble in HjO, is dissolved in a solution of tartaric 
acid and evaporated tannalum solubile is formed. 

Tannigen. Acetyl tannin, or more accurately tri-acetyl tannin. 

ChHA(CO.CH3)3. 

Produced according to Germ. Pat. 78879 by heating tannic acid with 
acetic anhydride in presence of acetic acid or acetic ether. 

Yellowish grey tasteless, odourless powder, sparingly soluble in HgO. Used 
as an intestinal astringent in chronic diarrhoea. First dose 0.75 g ; then 0.5 fr 
every three hours. For children half the above. ^ 

Tannin or Tannic acid. C14H10O9. This is the anhydride of gallic acid. 
Tannin is the most active constituent of all materials used for tanning; see 
“Tanning materials''; it has the special characteristic of rendering animal 
fibres insoluble, forming leather. See also the article on “Tanning’'. Tannic 
acid is widely distributed in the vegetable kingdom vegetation. It is obtained 
from the sumach and galls. See “Galls". 

Commercially a distinction is drawn between water tannin, alcohol tannin 
and ether tannin according as the substance has been obtained from th(‘ 
sumach or galls by one or other of these three solvents. The best of the three 
is ether tannin, called foam tannin. 

The galls are first broken in mills and then ground to a coarse powder. 
The powder is then placed in a diffusion apparatus, of which several are 
joined together to form a battery. (Cf. Sugar manufacture for the principle 
of the diffusion process.) The aqueous tan liquor obtained by this principle 
is next filtered until clear and bright. It is then extracted with ether, which 
must be done in copper mixing vessels fitted with stirring apparatus. The 
ether employed for the shaking is the product obtained in the first rectification 
of crude ether, that is an ether containing water and alcohol. After being well 
mixed the whole of the liquid remains for 8 — 10 days in barrel-shaped vessels, 
after which the thick layer at the bottom which contains the tannin is freed 
by distillation in suitable vessels from the ether which is present. 

The syrupy tannin which remains behind is dried either on large rotating 
cylinders or spread out on sheets of zinc plate and placed in a drying chamber. 
After steam has been passed for a very short time over the dried tannin on 
the zinc plate sheets, a light coloured and specifically light porous tannin ia 
obtained. Water and alcohol tannins are less pure than this kind. Tannin 
comes into the market as a yellow powder or in crystal-Uke scales or leaves. 
It dissolves in 1 part of water, 2 parts of alcohol, 8 parts of glycerine and m 
acetic ether. In ether, chloroform, benzine, benzene and carbon bisulphide it 
scarcely dissolves at all. 

The largest quantity of the tannin produced is used as a mordant. Some is 
employed for clarifying beer and wine and some for making ink and pyrogallol 
Compare “Ink" and “Pyrogallol". The product is also of considerable 
importance medicinally. 

Test. The water determined by dryii^ at a temperature of 100® should 
not exceed 12 %, the ash should not exceed 0.2 %. To test for sugar, dextrme 
or extractives 10 cem of a solution of tannin (10 g 4- 60 g HgO) is mixed witn 
10 cem % alcohol when the solution should remain clear. Also on adding 
6 cem of ether the solution should show no signs of clouding. For details 0 
the hide-powder method see “Tanning materials". , 

Dbeafer, Chem.-Ztg., Report. 1904, 270, describes a method for tn 
determination of tannic and gallic acid, which is said to give more satisfactory 
results than the skin powder process. The following solutions are necessary 
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f test. 1. Solution of copper sulphate = 0.05 g CuO in 1 cem; 2. 50 g 
VTT 1 CO and 60 g sodium sulphite in 1 liter; 3. 20 g lead acetate and 60 cem 

1 ‘^1 acetic acid. I. 50 com of the sample solution containing 10 — 15 g 

^ ner liter are heated with excess of calcium carbonate, then cooled 
^^^iitrated with the copper sulphate solution 1. Ferrocyanide serves then 
indicator. One drop is laid on a double layer of filter paper and pressed in 
^^ith a i^lass rod. The under layer which is saturated with the clear ferrocyanide, 
Solution is used for the test. The result, expressed in CuO, gives the total 
amount of tannin and gallic acid. This from the standpoint of the dyer 
is considered as the mordanting power. II. 50 cem of the tannin solution is 
treated with 25 cem of the second solution and titrated with solution 1 . The 
ferrocyanide which again serves as indicator must be strongly acidified with 
acetic acid. Copper tannate separates free from salts of gallic acid. The 
titration is very slow towards the end and it takes from 2 — 3 minutes for the 
final reaction colour to appears. When the constituents of the solution are 
unknown, the residue must be filtered off and weighed after drying at 105°. 
As the quantity of CuO is known the amount of tannic acid present can be 
easily calculated. III. 50 cem of the sample solution are treated with 10 cem 
of solution 3, in presence of barium sulphate, then well shaken and put 
through dry filtermg paper. The filtered solution is then treated with an- 
hydrous sodium sulphate to remove the lead. After 5 minutes it is again 
passed through a dry filter; 40 cem of the filtrate are warmed with calcium 
carbonate and then titrated as given for I. The gallic acid is estimated by 
this, and, from the difference, the tannic acid. 

Tannin plants: 

VolkiTiar Haenig A Comp., Heidenau-Dreadent Germany (see front part advt.). 

Tannin evaporating apparatus: 

Friedrich Hockmann, Berlin SO. 16, Briickenatr. 6b (aee advta.). 

Tanning. The process of tanning consists in the treatment of hides with 
tanning materials whereby they are converted into leather, that is to say 
they arc no longer hard and homv, but remain pliable on drying. 

In the preparation of leather the nides of cattle, calves, horses, deer, lambs, 
sheep, goats, &c.are used. All skins must be submitted to a series of processes 
before the actual tanning: these are as follows: 

1. Soaking. By steeping the hides for some hours blood and other im- 
purities are removed. If they have been previously dried or salted the soaking 
must be prolonged. The hides are then fleshed, that is to say, the flesh and 
fat adhering to them are removed by scraping with knives. 

2- Loosening of the hide and unhaibing. This is accomplished in 
various ways. The hides are folded together, flesh sides inwards and “sweated” 
for 30 to 40 hours in a sweating chamber. Acid fermentation sets in and the 
hair is loosened, while the hide swells. This process requires very careful 
v^atching. In “liming” the hides are placed in weak milk of lime that has been 
previously used and then into a stronger solution of the same. They remain 
m this for a period varying from 2 to 8 days. The addition of caustic alkalies 
makes the process more rapid. Calcium sulphide, calcium hydrosulphide, 
sodium sulphide, arsenic sulphide and other substances have also been used for 
unbairing. 

Plumping and purino. The unhaired hide is then subjected to a process 
|vhich removes the lime and causes the hide to swell so that it can readily 
fake up the tanning material. The plumping depends upon the action of 
organic acids. The “white pure” is made from bruised barley or bran mixed 
^ith sour dough and water: the lactic acid which is formed causes 
be plumping. In red puring an aqueous extract of spent tan is used: the 
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continuous extraction of tanning materials by centrifugal force. According 
to the first named patent the materials are spread by centrifugal force 
in thin coatings over the sides of a sieve cylinder widened at the bottom. 
The material trickles slowly down while the extracting agent is thrown up 
through the tanning material. The second patent uses several sets of cen- 
trifugal apparatus placed side by side so that the liquid is thrown from the 
first into the second and again passing through the tanning material into the 
third and so on. 

Engl. Pat. 11502 (1902) deals with the treatment of tanning materials for 
removing the colour. This, it is ascertained, can be done by heating the extract 
with powdered metals such as Sn, Zn or Al, when the dark coloured tan is 
converted into lighter products. The extracts in this case are also said to bo 
soluble in HgO. 

According to Amer. Pat. 740283 tanning extracts soluble in HgO are obtained 
by treating the crude solutions first with ammonium sulphate then with 
sodium bisulphite and finally heating the mixture under 2—3 atm. pressure 
to about 120 — 130®. 

Germ. Pat. 132224 and 152236 treat of the production of tanning extracts 
by means of the waste liquors from the sulphite cellulose industry ; the product 
being, it is said, readily soluble and of a fine pale colour. 

Tanning extract plants: 

Volkrnur Haenig <fe Comp., Heidenau-Dresden, Germany (see front part advt.). 

Tanning materials. This name includes only the tanning materials of 
vegetable origin, and not those in the so-called mineral tanning. The following 
table gives the most of important materials used and the percentage of tannin 
contained : 
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Tannochrome. 


Tannochrome. A compound of chromium oxide; tannin and resoicinp 
said to be used for the skin. 

Tannocol. A compound of glue and tannin, obtained by precipitatini^ a 
gelatine solution with tannic acid. It is a slightly yellow, odourless powder 
an excellent intestinal astringent. Dose 1 g for adults, 0.5 g for children 
several times a day. 

Tannoform. Methyl-di-tannin, obtained by the action of formaldehyde 
on tannic acid. It is an antiseptic, used internally for intestinal catarrh. 
Dose 0.5 — l.Og, for children 0.1 — 0.25 g. Used with success in treatin<r 
wounds, gatherings, &c. Mixed with talc 1 : 2 it is a good anti-perspiration 
powder. 

Tannone (Tannopine). Hexamethylenetetramine tannin 
(^14^10^9)3 * (^H 2 ) 6 N 4 , 

obtained by condensing tannin with hexamethylenetetramine (q. v.). It is 
a good intestinal astringent, prescribed in cases of typhoid fever, inflammation 
of the intestines &c. Dose for adults 1 g, for children 0.25 — 0.5 g, four to 
eight times per day. 

Tanosal (Creosote tannate, creosal). Obtained by the action of phosgene 
on a mixture of tannic acid and creosote. It is used as a substitute for creosote, 
especially for consumption. 

Tantalum. Ta. A. W. = 182.5. A rare element, always found together 
with niobium. Formerly Ta had no industrial importance whatever ; at present 
however it is valuable, especially since the construction of tantalum lamps 

. . . . .. j 

Ta is obtained by various methods, for instance from tantalic a(!id and 
carbon in electric furnaces, or by the reduction of the oxides with sodium. 
These methods do not, however, produce pure metallic tantalum. Ta, free from 
all impurities may be prepared by two methods discovered by Stemkns & 
Halske. By the first, white tantalic acid (tantalum pentoxide) is made inh^ 
small rods with paraffin and converted into brown tantalum tetroxide in 
presence of powdered carbon at 1700® C. The bow-shaped, electrically eon 
ducting brown rods are placed in highly evacuated glass globes, and a ourrmit 
is sent through the rods. The tantalum tetroxide evolves oxygen, leaving 
pure Ta. 

In order to prepare greater quantities of Ta, potassium tantalum fluoride 
TaFg . 2 KF is heated with Na. This Ta is not, however, quite pure. It 
purified according to Germ. Pat. 155548 by melting in the electric arc, pre- 
ferably in vaciLO. For this purpose the crude metal must be strongly eonc 
pressed to ensure electrical conductivity. The electrodes should not bt; 01 
carbon but of metal, if possible of tantalum itself. , 

Pure Ta has a M. P. between 2250 and 2300®; S. G. of the pure metal 
(in bars) 16.64, of a strongly stretched thin wire 0.05 mm in diameter lb- 
The specific heat (between 16 and 100® C) is 0.0365. The linear coefficient 
of expansion = 0.0000079; the mean specific resistance (1 m length ana 
1 square-mm cross section) is 0.165; the temperature coefficient between 
0 and 100® is 3 ®/oo, between 0 and 3^® is 2.6 ®/oo. The resistance increases 
with the temperature and reaches 0.855 per k for 1.5 watt. In the potentia 
series Ta comes between platinum and silver, and is nearer to the bitta^ ’ 
the modulus of elasticity is about equal to that of steel, the breaking strong 
of tantalum wire is 93 kg per millimeter diameter, calculated for cross 
of 1 square-millimetre; the breaking strength rises as the cross section 
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iriinishes being 150—160 kg for a diameter of 0.05 mm. The extension is very 
small, 1—2 % before breaking according to the quality of the material. 
Kevertheless the metal may be drawn out to fine wire 0.03 mm in diameter. 
A lump of tantalum made red hot and placed under a steam hammer is at 
once flattened to foil which after repeated heating and hammering becomes 
as liard as diamond. An attempt to perforate a sheet of this kind 1 mm in 
thickn('ss with a diamond drill after three day’s uninterrupted drilling at 
5()00 revolutions per minute resulted in the formation of a hole about ^ mm 
in depth, the diamond drill itself being much worn during the process. It 
was impossible to perforate the sheet completely, nevertheless it could be 
rolled out still thinner, while retaining its toughness and hardness. This 
property makes it valuable for tools such as drills, lathe tools, pen-nibs, &c. 

Tantalum readily combines with hydrogen, the latter being so firmly fixed, 
that even on melting it is only partly removed. Red hot tantalum powder 
thrown into water decomposes the latter, the hydrogen igniting and shooting 
up in long flames. Larger pieces of tantalum when heated in air are little 
affected; they turn yellow at 400® and finally become covered with a fine 
lay(T of pentoxide ; thin wire glows in air and oxygen without burning. Tan- 
talum wire heated in nitrogen absorbs the gas and becomes dull and brittle. 
When heated with sulphur, selenium or tellurium under a layer of potassium 
chloride, Ta reacts forming dark-coloured substances. 

Tantalum hardens iron like vanadium. Alloys with molybdenum and 
tungsten are elastic if they contain less than 5 % tantalum, brittle and hard 
with more than 5 %. Tantalum does not form alloys with silver or mercury. 

Traces of carbon, boron and silicon make tantalum harder without affecting 
its elasticity ; more than 1 % makes it brittle so that it can not be drawn 
into wire. 

Tantalum is very resistant to the action of all acids; even hydrofluoric 
acid has only a slow action; when tantalum wire is dipped into hydrofluoric 
acid and then brought into contact with platinum (a platinum crucible) it 
dissolves with evolution of hydrogen and absorption of the gas, so that it 
becomes brittle. 

Aqueous solutions of caustic soda and potash have no action even on heating; 
with fused alkali it forms crystalline masses. 

Taiilalum lamps. Tantalum (cj. v.) in the form of very thin wire 0.05 mm 
in thickness has been used to make electric; incandescent lamps. The new 
iSiEMKNS tantalum lamp makes use of the well known glass bulb of the old 
('arbon lamp. These globes contain 2 stars with 11 and 12 points respectively 
niounted on a small rod at a distance of about 4 — 5 cm apart. The fine tan- 
lalumwire, about 50 cm in length is drawn between the points of these stars and 
is brought by the current to a temperature far beyond 2000® C, probably very 
^losc to the melting point. The carbon filament of the old lamp would fall 
lo dust at this temperature, while the tantalum thread emits a mild reddish light. 

Ihe advantage of the new lamp is that it uses half the current for the same 
^niount of light as the carbon lamp. While the carbon lamp used 3 watt per 
standard candle the tantalum lamp requires only 1.5 watt. The economy 

the new lamp is therefore the same as that of the Nernst lamp. While 
the latter, however, necessitates previous heating, the tantalum lamp works 
'Without help, lighting as soon as the current passes. 

fk ^ price is relatively small, having fallen from 4 shillings to nearly half 
that amount. 

A tantalum lamp may be screwed into the fitting of any carbon lamp . 
^t burns in any position; after burning 600—1000 hours the current required 
from 1.5 to 2.1 watt per candle. The power of each lamp is 2.5 candle 
power. ^ 


44 * 
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Tabtaline. 


Tartaline. An English substitute for tartaric acid for industrial purposes 
it consists of potassium bisulphate. 

Tartaric acid (dioxysuccinic acid). 

CH(OH) . COgH 
C4H.0. = I 

CH(OH) . COjH. 

The only acid of commercial importance is dextro-tartaric acid. Tartaric 
acid is always obtained from wine residues, generally from argol, sometimes 
from wine yeast and lees. The crude tartar (see “Cream of tartar”) is a 
mixture of acid potassium tartrate and calcium tartrate. It is coarsely 
ground and heated by steam with ten times the quantity of HgO to boilinir 
point with the addition of crude HCl. The tartaric acid is then precipitated 
with lime water as calcium tartrate. The precipitate is filtered, washed with 
water and dried. The calcium tartrate so obtained, which is a comm(T(!ial 
product, is then decomposed with excess of H2SO4 the solution filten^d from 
CaS04 and evaporated on the water bath at 70 — 80®. A higher temperature 
would cause charring of the tartaric acid by the H2SO4. When a strength of 
30® is reached, the CaS04 which has separated is removed and the solution 
further concentrated in pans or vacuum apparatus to 43® Be. The solution 
is then allowed to run into crystallizing vessels, and after 8 days the mother 
liquor is drawn off from the tartaric acid crystals. The mother liquor is again 
evaporated and crystallized and the process repeated so long as any tartaric 
acid is present. 

The acid so obtained is dissolved, decolourized with animal'charcoal, evapo- 
rated to 36® B6 and placed aside to crystallize. This process of decolourizing 
and recrystallization is sometimes repeated several times. 

From the lees obtained in the manufacture of wine, brandy and oil of grapes 
are obtained by distillation. The residue is pressed and dried and in this form 
is brought into the market. It contains potassium bitartrate and calcium 
tartrate. To obtain tartaric acid this residue is boiled with HgO under a pressure 
of 4 — 6 atm. and the solution decomposed in the way given above with lime 
water and then further treated. The residue from this process is finally boiled 
with water and H2SO4 for 3 — 4 hours, when the tartaric acid is set free and 
passes into solution. From the filtrate thus obtained calcium tartrate is 
precipitated by chalk and the further treatment carried out as given aboy(‘. 

According to Engl. Pat. 11991 (1904) for obtaining pure tartaric acid, 
the crude material, consisting of lees, crude argol, calcium tartrate, &c- 
is heated to 150 — 200® C, when the colouring matters present are destroyed 
and the mineral impurities are rendered partially insoluble. The material, 
which is broken up, is spread out on gratings and brought to a constant tem- 
perature by currents of indifferent gases (e. g. CO2). The substance is then 
dissolved in dilute HCl, filtered, and the tartaric acid precipitated as calcium 
tartrate. It is then washed and treated with H2SO4, and finally the precipitated 
CaS04 is filtered off. Pure tartaric acid forms large clear, odourless crystals 
with a pleasant acid taste. M. P. 136®. It dissolves in 1.8 parts of cold water. 
It dissolves very readily in hot water or alcohol but not at all in ether. It ^ 
used as a mordant in dyeing and printing. It is also used for making lemonade 
and other effervescent beverages. Tartaric acid is also often given as a 
medicine; it is valuable in photography, &c. 

Test. The commercial acid contains traces of Fe, Pb, Ca and ^2^04^ 
To test for these impurities 3g of tartaric acid are dissolved in H2O 
the solution treated with excess of NH, saturated with sulphuretted hy^^g 
water, the ammoniacal solution treatea with ammonium oxalate, the soluti 
acidified with HNO3 with AgNOg, and the neutral solution with BaCh- 
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The amount of tartaric acid is determined by titration with normal alkali. 
On being heated to red heat the acid should leave no appreciable residue. 

Tar and Tar products. For details see the articles on “Brown coal tar'’, 
“Wood tar” and “Coal tar”. 

Tar and Tar products: 

Brothorton & Co., City Chambera, Leeds. 

Tar products: 

Forbos, Abbott & Leonard Ld., 109 Queen Victoria St., London E.G. 

Rectifying aparatus for Tar products: 

Volkmar Uaenig& Comp., Heidenau-Dreaden, Germany (see front part advt.). 

Friedricii Heckmann, Derlin SO. 16, Briickenalr. 6b (see advts.). 

Coal tar manufacturing apparatus: 

Friedrich Heckmann, Berlin SO. 16, Briickenstr. 6b (aee advta.). 

Tar dyestuffs (Aniline dyestuffs, alizarine dyestuffs, &c.). The treatment 
of those substances is, in the present volume, subdivided as follows: — 
Amidotriphenylmethano dyestuffs. 

Oxytriphenylmothanc dyestuffs. 

Diphenylnaphthyl dyestuffs. 

Azo dyestuffs. 

Diazo dyestuffs. 

Triazo dyestuffs. 

Tetrazo dyestuffs. 

Nitro dyestuffs. 

Nitroso dyestuffs. 

Indophcnols. 

Oxyketonc dyestuffs. 

Acridine dyestuffs. 

Azoxy dyestuffs. 

Diazoamido dyestuffs. 
p3rronine dyestuffs. 

Quinoline dyestuffs. 

Oxazines and Thiazines. 

Indigo dyestuffs. 

Thiooenzenyl dyestuffs. 

Pyrazolone dyestuffs. 

Azine dyestuffs (Safranines and Indulines separately). 

Sulphur dyestuffs. 

Fuchsine, Alizarine, Methylene blue and Tartrazine, also Cachou de Laval, 
Fhiocratechium, Urania blue, Ursol, Nigramine, Nigrisine, Aniline black, 
Chromogene and Indamines are treated separately. Tne individual dyestuffs 
not enumerated in the respective groups. 

Apparatus lor manufacture of tar colours. 

Friedrich Heckmann, Berlin SO. 16, Briickenstr. 6b (see advts.). 

Tar oils (see “Wood tar” and “Coal tar”). A separation of the heavy 
is not carried out commercially on a large scale. The mixture, as it is, is 
Jised to produce oil gas for carburetting lighting gas, for the manufacture of 
lamp black, as a disinfectant and in producing the latter (toolino, Lysol, 
anogen, &c.), in softening pitch, impregnating wood, for washing textiles, &c. 
water-soluble or at least emulsifying tar oils are coming into favour 
the purposes enumerated. Tar oils are made water-soluble by sulphonatmg, 
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Tartar emetic. 


emulsified by the aid of soaps &c. ; see the article on “Oils’" and “Mineral 
oils”. The latter article also gives methods of rendering tar oils odourless! 

Tar oils: 

Brotherton Co. Ld., City Chambers, Leeds. 

Tartar emetic (Potassium antimony tartrate) see “Antimony compotinds '. 

Tartrazine. A coal-tar dyestuff obtained by the action of 2 mol. p-plu^ny!- 
hydrazinemonosulphonic acid on 1 mol. dioxy tartaric acid when the two 
components are heated in acid solution. According to resent investigations 
tartrazine is a pyrazolone like antipyrino (q. v.) with the following eon- 
stitution : 

CcHs 

I 

N 



HOjC . C C-N . N—C^Hj. 

It is sold in the form of its Na-salt. An orange coloured powder prodneinj: 
in an acid bath a golden shade on wool and silk which is very fast to light. 

Tellurium. To, A. W. — 125.3. Hare element closely allied to sulphur, 
and still more closely to selenium. Tellurium and its compounds have no 
practical value. 

Tcrebene. Turpentine oil is gradually mixed with 5 % concentrated H.,S ()4 
and after some time distilled in steam. The distillate is washed with a dilute 
solution of NagCOg, separated, dehydrated with CaCU and fractionally 
distilled, the parts passing over between 156® and 160® C being colleoted. 

It is a mixture of various terpenes, is pale yellow and used as a substitute 
for turpentine. 

Terpenes. Hydrocarbons of the general formula but of very varying 

nature. They are present in essential oils, which sometimes consist merely 
of these. Terpenes oxidize readily and become partly resinous. They are 
generally subdivided into olefine terpenes, terpane group (or menthane group) 
and camphane group. 

To the first group belong a number of hydrocarbons, alcohols, aldcliydrs 
and acids (open chain compounds) found in essential oils. It is generally easy 
to convert them into terpene-like or aromatic substances. Geraniol and linalool 
are olefine terpene alcohols; citronellal and citral are terpene aldehydesL 

The members of the terpane group (menthane group) are six-membereo 
closed ring compounds. The terpenes of this group can add on 4 monovalent 
atoms. Amongst the hydrocarbons of the terpane group are limonene, ter- 
pinene, and phellandrene ; the alcohols include menthol, cineol, and terpineol, 
the ketones include, amongst others, carvone. . 

The members of the camphane group are also distinguished by a close 
six-membered ring; they can only acid on 2 monovalent atoms, flydi*®' 
carbons belonging to the camphane group are camphene and the pineiic o 
turpentine oils. The chief member of the alcohols of the camphane group 
bomeol (q. v.) while the most important of the camphane ketones is campu® 
itself. ^ 

See “Borneol”, “Camphor” and “Perfumes, artificial’", also tuu . 
essential”, “Peppermint, Oil of"’, &c. 
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Terpinene see “Terpenbs''. 


Terpincol (Terpene hydrate). CioHj^OH. A cyclic terpene alcohol of the 

constitution : 







CH 2 

1 


c 

CH 

y\c 

H^C 

\J^ 




C(OH) 


It is formed when 2 parts of French turpentine oil are allowed to stand 
for 12 hours with 1 part concentrated H2SO4 and 3 parts 90 % alcohol. The 
method of Bertram and Walbaum (patented) is interesting. Five portions 
c*a(‘h of 200 g of rectified turpentine are added gradually to a mixture of 2 kg 
glacial acetic acid, 60 g H2SO4 and 50 g HgO. The temperature is not allowed 
to rise above 60®. After standing for some hours the mixture is diluted with 
water and extracted with a solution of Na2C03. The product obtained, con- 
sisting of terpenes and terpene esters is purified by distillation with steam 
and then warmed with KOH solution when terpineol is formed. It is valued 
on account of its lilac -like odour. It is sold in the liquid and also in the 
crystalline form; the liquid product has the stronger odour. 


Terra di Siena see “Mineral colours’'. 


Tetra-Isol. A preparation of carbon tetrachloride completely soluble in 
water. It is used as a cleaning agent in the textile industry. 

Tetrazo-dyestuffs. A class of dyestuffs containing four azo-groups — N=N — . 
8 ee “Azodybs”, “Diazodyes” and “Triazodyes”. 

Tetrazodyestuffs may be obtained by the condensation of 2 mon-amines 
with 1 di-amine or by the condensation of 2 diamines. So for instance Hessian 
hrewn BB (sodium salt of benzidinediazodisulphonic acid, azoresorcin) is 
obtained by condensing resorcine with sulphanilic acid, and the subsequent 
condensation of 2 molecules of the product with 1 mol. benzidine as follows: 

/Sulphanilic acid 

Besorcine 

^Benzidine 

Besorcine 

^Sulphanilic acid. 

A tetrazo dyestuff formed from 2 diamines is azoorange R: 

/Naphthionic acid 

Toluidine 

/Dioxidiphenylmethane 

Toluidine 

^Naphthionic acid. 

All tetrazodyestuffs dye cotton without a mordant. 
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Textile fibres. 


Textile fibres. The fibres used for making woven goods, ropes, sail cloth 
&c., &c. are divided into “Vegetable fibres” and “Animal fibres” (q. v.)! 
The various textile fibres may be distinguished by the following reactioiiH; 


I. Distinctions between Animal and Vegetable fibres. 



Animal fibres 

Vegetable fibres 

Burning. 

Smell of burnt horn; alkaline 
vapours; when removed from the 
flame they no longer burn. 

Burn rapidly, even wlien removed 
from the flame, empyreumatic 
odour; acid vapours. 

Soda lye of 

(S.G, 1.05 
= 6.7® B6). 

Dissolve when warmed. Solution 
of wool turned violet by sodium 
nitroprusside ; black precip. with 
an alkaline solution of a lead salt. 

Scarcely affected. 

Cone. 

Nitric acid. 

Turn yellow on heating. 

Remain colourless. 

Nitrating acid 
(equal vols. 
cone. HNO, 
and HjSOi). 

Silk is dissolved; wool becomes 
yellow' or brown. 

Colour and structure unaltered; 

I very inflammable after drying. 

Zinc chloride 
solution 

60*’ Be, 

Silk dissolves, at 100®, is precipi- 
tated again by water; wool un- 
affected. 

No effect. 

Ammoniacal 
solution of 
copper oxide. 

Silk is dissolved but not wool. 

Flax, hemp, cotton are gradually 
dissolved. 

Rosanilino 
solution deco- 
lourized by 
ammonia. 

After warming, and washing away 
the free alkali: Red colour. 

No effect when heated similarly. 

Alcoholic so- 
lution of 
«-Naphthol 

(207o). 

The sample is mixed with a little water, a few drops of the so- 
lution and concentrated sulphuric acid. 

The liquid turns yellow; silk I Dark violet colour; the fibre 
dissolves. j dissolves. 


II. Special reaction of the Vegetable textile fibres. 



Cotton 

Flax 

Hemp 

Jute 

Muslin ^ 

Manila- 

Hemp 

New Zea- 
land 
Flax 

Alo§ 

Cocoa 

Nut 

Zinc 

violet 

violet 

violet 

brow- 

dirty 

brown 

golden 

golden 

golden to 

Ohio- 




nish- 

violet 

yellow to 

yellow 

brown 

brown 

ride 




yellow 


dirty 

yellow 

yellow 

iodide 






violet 




Iodine 

blue 

blue 

blue 

green- 

dirty 



greenish- 

yellow, 

— 

+ 




nish 

• blue 


blue 

green 


HaSO* 




blue 




' towards 
outside 


Am- 

blue 

blue 

blue 

blue 

blue 



bluish 

bluish, 

— 

monia- 

solu- 

solu- 

solu- 

solu- 

solu- 



fibre 


cal so- 
lution 
of CuO 

tion 

tion 

tion 

tion 

tion 



swells 
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Cbtton 

Flax 

Hemp I 

Jute 

Muslin 

Manila- 
j Hemp 

New Zea- 
land 

1 Flax 

Aloe 

Cocoa 

Nut 

Ani- 

line 

sul- 

phate 

solu- 

tion 



often 

pale 

yellow 

golden 

yellow 


yellow 

yellowish 

yellowish 

beautiful 

yellow 

1 

Phlo- 

ro- 

glucine 

solu- 

tion 


1 

often 

violet 

red 

in- 

tense 

red 


red 

pale rod 

pale red 

pale 

purple-red 


III. Table for examining all textile fibres. 


lO'*/,, potash lye or soda lye is allowed to act the on tlie mixed fibres: 


part dissolves 


part remains undissolved 


all dissolves 


It is then subjected to the action of ZnClj 


all 

dissol- 

ves 

part 

dissol- 

ves 

nothing 

dissol- 

ves 

nothing dissolves 

partially dissolves 

nothing 

dissol- 

ves 

Thealka- 
liuo so- 
lution 
does not 
turn 
black 
on addi- 

The 80 - 
1 lublo 
part does 
not turn- 
black 
with load 

The 

whole be- 
comes 
black 
with load 
acetate : 
Wool. 

Chlorine water an<l also 
ammonia colour the fibres: 

Part becomes 
when treated 

Nitric 

acid 

turns 

red- 

dish- 

brown 


effect 

acetate : 

part 
yellow, 
rest re- 
mains 
white: 



black 

not 

black 

acetate, 

The 

Alcoholic sohition of 

load ace- 
tate 

luble 
part 
does: 
Silk and 
Wool. 


fibre 
be- 
comes 
red 
with 
fu- 
ming 
nitric 
acid : 

fuchsino colours the 
fibre : 

Potash 
lye part- 

Picric 

acid 

Mix- 
ture of 
Flax 



per- 

manently 

not fast 
to washing 

ly dis- 
solves 
the fibre 

turns 

part 

yellow; 

and 

Colton. 




Potash lye 
dyes 
yellow 

Potash 
lye does 
not dye 
yellow; 
Cotton. 

insoluble 
in zinc 
chloride. 
The re- 

rest re- 
mains 
white: 
Silk and 





New- 

Zea- 

land 

flax. 

Iodine 

andHjSOi 

dye. 

maining 
fibres 
dissolve 
in am- 
moniacal 
copper- 
oxide: 
Mixture 
ol Wool, 
Silk and 
Cotton. 

Cotton. 





yel- 

low: 

Hemp 

blue: 

Flax 





The reagents mentioned are prepared as follows ; Cm 

1- Iodine zinc chloride: 100 parts r 

HjO, 6 parts KI and then I untU iodme vapours are given off. Should be kept 
the dark. 
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Thallium. 


2. Iodine and Sulphuric acid : A few scales of I are ground with a few 
drops of alcohol giving a brown solution. HgO is then added until the colour 
is a pale wine yellow. The materials are sprinkled with dilute H 2 SO 4 (1 part 
concentrated H 2 SO 4 + 2 parts HgO) and then with the iodine solution. 

3. Ammoniacal solution of copper oxide: CuCOg is precipitated from 
a CUSO 4 solution with NaCOg solution, filtered, the precipitate carefullv 
washed with HgO, and NHg (S. G. 0.91) added, though not enough to dissolve 
the whole. It is shaken several times, allowed to settle and the supernatant 
blue liquid used as the reagent. 

4. Aniline sulphate : To be used in 1 % aqueous solution. 

5. Phloroglucine: To be used in aqueous solution. 

PiNCHON recommends the following method of investigating mixed textiles: 

(Table see p. 698.) 

Testing apparatus for textile fibres: 

Carl Zei^s, Jena (Germany). 

Thallium. Tl. A. W. == 204.2. A rare element allied to silver, and the 
alkali metals. From another point of view it may be classed with lead; as a 
rule it is included in the aluminium group. 

Thallium is crystalline, as soft as tin and may be readily cut; it oxidizes 
readily in the air and is therefore generally kept under water. S. G. 11.9; 
M. P. 270®; B. P. at white heat. 

Neither thallium nor its compounds are of great industrial value. 

Thebainc see “Opium and Opium alkaloids’*. 

Theine see “Caffeine”. 

Thenard’s blue see “Cobalt colours”. 


Theobromine = Dimethyl xanthine: 

H.N CO 

io i— N.CH, 


-C— N/' 


The active principle of the cocoa bean, related to caffeine (q. v.). Cocoa 
beans contain about 1.5 %, cocoa husk about 0.3 % of theobromine. 

According to Dragendorff cocoa husks are boiled with HgO, pressed and 
the liquid precipitated with lead acetate, filtered; the lead removed by Ho»^, 
the solution dehydrated with calcined magnesia and the powdered residue 
boiled with alcohol. When the filtrate is cold part of the theobromine sepa- 
rates; the rest is obtained by distilling off the alcohol and recrystallizing, 
Instead of using cocoa husks cocoa powder free from oil may be used. It is 
mixed with half its weight of slaked lime and extracted several times witn 
80 % alcohol. The alcoholic extract is treated as above. 

Colourless, odourless crystalline powder, with a bitter taste which slowly 
developes; it sublimes at 290 — 295 ®C without melting or without decom- 
position. 1 part theobromine dissolves in 1700 parts cold or 150 parts nm 
HgO ; in 4300 parts cold or 430 parts hot absolute alcohol, much more readil} 
in aqueous alcohol. 

In consequence of its small solubility it was formerly but little used in 
medicine. An easily soluble salt, theobromine sodium salicylate has been dis 
covered which is an important drug. See “Diuretine”. 



Theocine. 


Theocine (Theophylline) = 1.3-dimethylxanthine. The oonstitV 
given by the following formula: 

CH 3 N— CO 

1 I 

OC C— NH. 

I II >CH. 

CH^N- C — N ^ 

[t ia obtained by various methods, e. g. from cyanacetic acid. 

Theocine is an excellent diuretic, especially in the form of its easily soluble 
double salt sodium theocine acetate. 

C^H^N^O^Na . CH 3 C 02 Na. 

Dose 0.3 — 0.6 g, twice to three times a day. 

Theophylline. Another name for Theocine (q. v.). 

Thermiol. A 25 % solution of sodium phcnylpropiolate recommended 
for inhalation in cases of laryngitis and lung troubles. 

Thermite. A mixture of powdered aluminium and metallic oxides, e. g. 
iron oxide, manganese oxide, chromium oxide, &c. When ignited these 
mixtures continue to bum giving a temperature of 2000 — 3000^0. This 
method of obtaining high temperatures is called alumino-thermy. The great 
iluantities of thermic energy (the heat of combustion of A1 is 7140 calories, 
and is greater than that of any other metal) can thus bo used in the simplest 
'oay (without extensive machinery and apparatus). In alumino-thermy the A1 
is converted into corundum while the metallic oxide is reduced to the respective 
metal. 

As the burning of Al, i.e.the lighting of the mixture called thermite, necessi- 
tates a high initial temperature, an igniting mixture is first placed over it ; 
this is a mixture of barium peroxide and aluminium or better still magnesium 
filings. The inflammable mixture is ignited with a wind fusee whereupon 
the reaction sets in, spreading from the point of ignition, so that by adding 
more thermite the process may be continued, i. e. the heat be utilized for any 
length of time. Previous external heating is unnecessary. 

Alumino thermy is used in welding rails and pipes, repairing faulty steel 
fastings, in preparing metals (free from carbon), e. g. chromium, manganese, 
nickel, cobalt, &c., further in producing artificial corundum used as emery, 
as well as a material for fireproof crucibles, moulds stones, &c. Quito recently 
thermite has been used as an addition to molten cast iron and steel in order 
to (ibtain castings free from bubbles. 

The whole process is protected by patent. 

For the so-called thermite explosives (aluminium explosives) see “Safety 
explosives”. 

Thermochemistry see “Fuels” and “Calorimetry”. 

Thermometry. Calculation of thermometer degrees centigrade Celsius (C), 
heaumur (R) and Fahrenheit (F) in terms of each other: 

x»C=— x“K. x»R=4-x«C. 

6 4 

. Ill expressing centigrade degrees in terms of Reaumur and vice versa the 
remains unchanged. 

x«C = X + 32)»F. x»R = (■|-x + 32 )»F. 
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Thermostat. 


X« F = (x — 32) . j’- " C. x“ F = (x— 32) Ao r. 

Correction of thermometer degrees: 

Tf T denote tlie temperature indicated by the thermometer and K the 
length of exposed stem, expressed in degrees, and t the temperature of the 
mercury at the point T — ^2 degrees given in the following tal)h 

are added to T. The table is based on the formula : T = 0.000154 N (T t) 
as 0.000154 is the difference of the cubical coefficients of expansion of mercurv 
and glass. 


N . 

T - t - 10 “ 

i 

I 20 “ 

40 ® 

50 “ 

60 ® 

80 " 

100 " 

120 '^ 

10 

0.02 

0.03 

0.06 

0.08 

0.09 ! 

0.12 

0.15 

i 

1 0. 1 8 

go 

0.03 

0.06 

0.12 

0.15 

0.18 

0.25 

0.31 

0.37 

40 

O.OG 

0.12 

0.25 

0.31 

0.37 

0.50 

0.62 

! 0.74 

GO 

0.09 

0.18 

0.37 

0.46 

0.56 

0.74 

0.92 

1.11 

80 

0.12 

0.25 

0.50 

0.62 

0.74 

0.99 

1.23 

1.18 

100 

0.15 

0.31 

0.62 

0.77 

0.92 

1.23 

1.54 

1 . 8.7 

120 

0.18 

0.37 

0.74 

0.92 

1.11 

1.48 

1.85 

• 2 . 2 ti 

140 

0.22 

0 . 43 . 

0.86 

1.08 

i .: i 9 

1.72 

2.16 

2 . 5 !) 

1 GO 

0.25 

0.49 

0.99 

1.23 

1.48 

1.97 

2.46 

2 .!)»', 

180 

0.28 

0 . 5 G 

I 1.11 

1.39 

1.66 

2.22 

2.77 

3.33 

200 

0.31 

0 . G 2 

1.23 

1.54 

1.85 

2.46 

3.08 

3 . 7 U 


Thermostat see “Bacteriology”. 

Thermometers: 

VV. Niehls, Berlin SVV. 48. 


Thiazol dyestuffs see “Diazoamido dyestuffs” and “THioREiNZKNvi 
dyestuffs”. 


Thigenol. A concentrated sodium ('ompound of oleine sulphonic arid in 
wdiich 10 % of the sulphur is organically combined. Thick odourless licjidd 
used in skin diseases, «fec. 


Tliiobeiizenyl dyestuffs. A class of dyestuffs of which the members, likn 
those of the diazodyestuffs (q. v.) are derived from dehydrothiotoluidiiu* 

H^C . >C . CeH, . NH.,. 

They arc frequently combined with the group of thiazol dyestuffs as they ah 
contain the thiazol rinty 

~C~N 
I >C- 
— C— 


Dehydrothiotoluidine is obtained by heating p-toluidine with sulphur; 
when the reaction is continued for some time primuline is formed. It is obtained 
by heating 2 mol. p-toluidine with 5 atoms sulphur to 250 — 280 and sul})hrj' 
nating the resulting primuline base with fuming H 2 SO 4 . Primuline is the 
sodium salt of the sulphonic acid of a base which apparently has the following 
constitution : 

H3C . . CeH^NH^. 


ThIOCATECHINE. '701 

Non-mordanted cotton is dyed yellow by primuline in neutral solution. For 
nther colours see “Ingrain dyestuffs”.' 

The other thiobenzenyl dyestuffs arc homologues of dehydro-tliio-toluidine 
^nd primuline. 

Thiobenzenyl dyestuffs are true thiazol derivatives; they are all yellow. The 
thioflavines and chloramine yellow Ixdong to this group. 

In the diazoamido dyestuffs the chromogen character of the thiazol is less 
pronounced, though at the same time they cannot be regarded as true azo- 
Mibstances. 

Most thiobenzenyl dyestuffs are like primuline used on cotton, without 
mordants. 

Thiocatechine. A coal-tar dye of unknown constitution, obtained by 
melting p-diamines or acctyl-ni'tramines with S and NagS, dissolving the 
nu'lt in HgO and precipitating the dye by adding acid (when is evolved). 
Thiocatechine therefore is a sulphur dye ((j. v.). By purifying the dye and 
dissolving in alkali sulphite thiocatechine 8 is pre^pared. 

It is used to dye browns on cotton; the dyeing is carried out with the addition 
of XaCl andNa2C03 and development with potassium bichromate and sulphuric 
acid. 

Thiocol = th(5 potassium salt of o-guaiacolsulphonic acid. 

CflHglOH) (OCHglSOsK. 

(>)lourless crystalline powder, very easily soluble in HgO. Ordered as 
a noii-poisonous substitute for guaiacol in tuberculosis of the lungs. 

Thi(ucyanates sec “Sulpiiocyanides”. 

Thioform = bismuth dithiosalicylatc. Obtained by digesting 1 mol. 
sodium dithiosalicylatc Na with 4 mol. neutral bismuth nitrates in presence 
of caustic soda. 

Yellowish odourless powder, insoluble in H2O, u.sed externally in place 
of iodoform and taken internally for stomachic and intestinal catarrh. 

Thiol. A product very similar to Ichthyol (q. v.). 

It is prepared by sulphonating gas oil (brown-coal tar-oil) with sulphur, 
treating the reaction product with strong H2SO4 and pouring the whole 
into water. The thiol is then purified in various ways. It is sold in the solid 
form {thiolum siccum) as well as in concentrated aqueous solution (thiolum 
liquidum ) . 

It is used medicinally in the same way as ichthyol (q. v.). 

Thionyl chloride see “Chlorine compounds”. 

Thiosinamine (Alkyl thiourea). NHg . CS . NHC3H5. Obtained from 
mustard oil CS : NC3H5 by the action of NH3. 

Crystals M. P. 74 ®, readily soluble in alcohol and ether, less so in H2O. 

It is used medicinally for softening scars. See “Fibrolysine”. 

Thiosulphates. The salts of thiosulphurous acid are better called thio- 
sulphates and not hyposulphites, since apart from the errors caused by mis- 
und(‘rstanding, it has been recognized that SO2 may be reduced to hydro- 
'^ulphurous acid (see “Hydrosulphites”). 

The thiosulphates will be found under the respective metallic compounds. 

Thoraas phosphate see “Slags” and “Manures, artificial”. 
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Thorium and Thorium compounds. 


Thorium and Thorium compounds. Thorium. Th. A. W. = 232.5. Until 
recently the element itself was of no industrial importance. At present 
however, Siemens and Halske have taken out several patents for the pro’ 
huction of thorium metal: According to Germ. Pat. 133958 Th is obtained by 
deating thorium nitride (prepared by the action of NHg-gas on various thoriuni 
compounds at a red heat) avoiding all oxidizing actions. According to Germ 
Pat. 133959 the vapours of Na are allowed to act on vapours of volatile organic 
thorium compounds; in this manner substances may be covered with metallic 
thorium (e. g. a carbon filament in vacuo). Germ. Pat. 146503 treats of the 
purification of thorium. 

Thorium compounds are of special importance: 

They are of the greatest value for lighting purposes with incandescent 
gas light as the mantles usually consist of a mixture of 99 % thorium dioxide 
ThOg with 1 % cerium oxide CeOg. 

Thorium compounds, which are very like those of zirconium (q. v.)^ are 
almost exclusively prepared from monazite which is a cerium-thorium piios 
phate. In impregnating mantles (see “Incandescent gas light’') various 
thorium salts are used which are converted into oxides when heated; the 
salt generally used is thorium nitrate Th(N 03 ) 4 ; crystallizes with 6 H.,() 
and is soluble in water. 


Thyme, oil of, and Thymol. Oil of thyme is obtained from the fresh, flowerinL; 
plant Thymus vulgaris by distillation with water. The most important coir 
stituent is Thymol: thymene and cymene are also present. Thymol is a 
homologue of phenol, methylisopropylphenol 

CioHi40(CH3 : C 3 H 7 : OH = 1 : 4 : 3). 

Formerly oil of thyme was used medicinally as an antiseptic, but now tlie 
pure thymol is used instead. 


/CH3 

c«H3(oh 


( 1 ) 

(3) 

(4) 


On a large scale thymol is obtained from the seeds of the Indian Ajowan. 
The oil obtained by distillation with water is shaken with NaOH, the dissolve d 
thymol separated from the undissolved matter, precipitated with mineral 
acids and purified. It is generally obtained by strongly cooling, the oil when 
the thymol crystallizes out. Synthetically it may be obtained from o-bioin- 
p-cymene. This is converted by treatment with fuming H 2 SO 4 into cyim iK^ 
2 brom 5 sulphonic acid, which is recrystallized and then treated with zinc 
dust and NH 3 under pressure. The cymene sulphonic acid thus obtaimd is 
converted into thymol by fusing with KOH. 

Large colourless crystals with an aromatic taste and an odour like that of 
thyme. M. P. 50®; B. P. 231.8®. It dissolves in 1100 parts of water, readily 
in alcohol, ether and chloroform. It is readily volatile in steam. 


Tin. Sn. A. W. = 119.1. It occurs principally as tin stone, SnOg. 
ore is first crushed, freed from gangue and then roasted in revolving funiac(^ 
to remove As and S. It is then washed with water ( elutriation) or with HCl 
to remove Cu, Fe and Bi. The oxide is then reduced by heating with wood 
charcoal in blast furnaces or reverberatory furnaces. 

Tin is refined by liquation, i. e. it is placed on sloping hearths and heated 
until it just melts. The pure tin flows into receptacles leaving behind the 
impurities. It is then again melted and stirred with poles of green wood. 
In this way all easily oxidized metals separate as a scum on the surface. Bakca 
tin was formerly considered to be the best, but now Straits Settlement and 
Australian tin are reckoned better. 



Tin alloys. 
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Tin is obtained from the tin slags (Germ. Pat. 146065) by a wet process. 
The ground slag is extracted with a mixture of H2SO4 and HCl in the pro- 
portion 2 : 1, or in place of the HCl soluble chlorides may be used. The metal 
is obtained from the solution electrolytically. 

Kecently tin has been obtained from tinned articles; three methods are in 
use mechanical, chemical and electrolytical. By the first method, which 
gives the worst results, the tin is removed by heating or melting. 

In the chemical process the tin is recovered from the scrap by treatment 
^vith a mixture of dilute acids (HCl -f HNO3 or H2SO4) and precipitation 
with zinc. Other solvents have been used with more or less success. 

The electrolytical method for stripping tin from tinned goods is much more 
important. The electrolyte is usually a solution of caustic soda (6 — 7 %Na20); 
the anode is formed by the scrap tin placed in wire baskets and the cathode 
is either the iron sides of the bath or an iron sheet dipping into the bath. 
The voltage should be about 1.5, when the tin is precipitated in a spongy 
state. 

In other processes acid electrolytes are used. E. g. in the old Siemens- 
Halske process the electrolyte was 1 vol. 60 % H2SO4 and 9 vol. H2O, the 
anode was a box made of wooden gratings packed with the scrap tin, and the 
cathodes were of copper. Current 100 amp. per square-metre. Recently 
Siemens and Halske have adopted the alkaline electrolyte as giving better 
results. 

Engl. Pat. 8759 (1902) uses a solution of ferric sulphate as electrolyte. 
According to Germ. Pat. 152989 a chemically pure and crystalline product 
is obtained by using a solution ofZnCl2 as electrolyte to which NH4CI is added 
(more than suffices to form SnCl4 . 2 NH4CI). Organic acids are also added to 
neutralize the NH3 set free and to bring into solution any foreign metals 
present. Acetic acid forms lead acetate which is converted into white lead by 
the CO2 simultaneously evolved. The temperature of the bath must not be 
lower than 50®. 

A(;cording to Germ, Pat. 142333 the stripping is carried out electrolytically, 
using a carbon electrode in an alkaline bath. 

Tin is an almost silver-white, shining metal, M. P. 233®; B. P, 1500®. 
iS. G. of tin (fused and then allowed to solidify) is 7,29 (at 15®). At the ordinary 
temperatures it is soft and ductile and can be rolled out into sheets. At 200® 
it is hard and brittle. If cooled to — 40® it is converted into a modification, 
tin, which is a powder S. G. about 5.8. Fused tin solidifies in a crystalline 
iorm and if a bar of tin bo bent a curious sound is emitted, due to the rubbing 
togellier of the crystals. At ordinary temperatures tin is unaffected by air 
ur water. When fused it becomes coated with a grey film and is gradually 
(“onverted into tin oxide. It dissolves in warm KOH and HCl and in cold 
diluted HNOo. Concentrated HNOg changes it to metastannic acid. 

Tin is usea for the manufacture of apparatus, vessels, &c., for covering 
other metals, for soldering, for mirrors, for alloys, &c. 

Till alloys see Antimony alloys. Lead alloys. Bronzes, &c. 

Pliosphor tin is an alloy obtained by dissolving 5 — 10 % P in molten tin. 
11 is used in the preparation of copper alloys. 

Tin colours. 

!• Mosaic gold (tin disulphide). SnSg. It may be obtamed by wet 
^nothods, by precipitating SnCL solution with Hg^j though a fine gold-like 
^hadc can only be attained by ^y processes. Finely-powdered tin or better 
*^1111, tin amalgam is heated with NH4CI and S. For instance 1 part Hg is 
niixed with 2 parts molten Sn and a mixture of 18 parts of this amalgam 
'vith 7 parts S and 6 parts NH4CI is heated in retorts; NH4CI first sublimes, 
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Tin compounds. 


and then HgS, the disulphide remaining behind. It forms small, fine, golden- 
yellow scales subliming without decomposition. It is used in gilding mirror 
frames, though now to a large extent replaced by bronze colours. 

2. Pink. A chromium-tin compound becoming bright red in the oxidizing 
flame; much used in ceramics as a sub-glazing colour. It is also used, though 
more rarely, as a painters" colour and for printing. 

1 kg Sn is converted into SnOg by treatment with HNOg, a solution of 50 ir 
K2Cr207 in 1 litre water is added, then 2 kg chalk and 1 kg ground quartz 
sand. The whole is dried, crushed and then heated for several hours in strong 
Hessian crucibles. This substance (chromium oxide — tin oxide) which is rose 
pink, is ground, then heated again (best with the addition of a little calcined 
NagCOg), ground moist and dried. As a porcelain colour it may be used after 
the first heating. 

3. Purple of Cassius, see “Gold colours’". 

Tin compounds. There are stannous compounds, stannic compounds and 
stannates, i. e. salts in which tin oxide plays the part of an acid. 

1. Ammonium stannic chloride (Pink salt). SnCl4 . 2 NH 4 CI. Two 
parts tin salts (see No. 8 “Stannous chloride”) are dissolved in HoO, the 
solution saturated with chlorine gas and then poured into a hot solution of 
1 part ammonium chloride in 2 parts HgO. The colourless pink salt separating 
dissolves in 3 parts HgO. The concentrated solution remains unchanged on 
boiling, while the dilute solution irnder the same treatment decomposes with 
separation of metastannic acid. Pink salt is chiefly used instead of the strong 
caustic stannic chloride (as a mordant in dyeing). 

2. Pink salt, see No. 1 “Ammonium stannic chloride”. 

3. Preparing salt (Sodium stannate), see No. 34 “Sodium compounds”. 

4. Rose salt (Physic, tin composition). Produced by dissolving 8n in 
mixtures of HCl and HNOg, sometimes also in mixtures of HCl and H28()4; 
in the first case it consists chiefly of SnCl4, in the latter SnClg. Besides this 
the viscous yellow liquid contains stannous nitrate, metastannic acid, and 
ammonium nitrate in varying proportions. Used as a mordant in dyeing, 
formerly more than now. 

5. Sodium stannate, see No. 34 “Sodium compounds”. 

6. Stannous acetate. Obtained by dissolving freshly precipitated 
stannous hydroxide in dilute acetic acid. Used as mordant in cotton printing. 


S. G. and contents of stannic chloride solutions at 16® C 
(Gerlach). 


S. G. 

SnCh -f 6HjO 

0 / 

/o 

S. G. 

SnCh+SHjO 

0 / 

7o 

S. G. 

SnCh-h 6 H,0 

% 

1.012 

2 

1.2268 

34 


66 

1.024 

4 

1.242 

36 


68 

1.036 

6 

1.259 

38 


70 

1.048 

8 

1.2755 

40 


72 

1.059 

10 

1.293 

42 


74 

1.072 

12 

1.310 

44 


76 

1.084 

14 

1.329 

46 


78 

1.097 

16 

1.347 

48 


80 

1.110 

18 

1.366 

60 


82 

1.1236 

20 

1.386 

62 

1.791 

84 

1.137 

22 

1.406 

64 


86 

1.151 

24 

1.426 

66 


88 

1.165 

26 

1.447 

58 


90 

1.180 

28 

1.468 

60 


92 

1.195 

30 

1.491 

62 


94 

1.210 

32 

1.514 

64 


96 





Tin compounds. 


705 


^ solution of SnCla with sodium acetate is known by the same name, thougli 
also called tin mordant. 

7 , Stannic chloride. SnCl 4 . Obtained by dissolving tin oxide in HCl 
and evaporating, or by the action of Cl (or nitrohydrochloric acid) on SnCIa ; 
\]\ the anhydrous condition it is obtained by heating tinned iron scraps, &c. 

a current of chlorine, when Fe remains while SnCl 4 sublimes. When concen- 
trated solutions are evaporated — either in the air or in vacuo — opaque 
deliquescent crystals, SnCl 4 + 5 HgO are obtained. When dilute solutions 
are heated they precipitate metastannic acid, a property which is used in 
dyeing silk (to increase its weight). It is also used as a mordant in dyeing 
(see ‘'Wool dyeing’') and in tin plating. It is sold liquid or as a deliques- 
cent salt. 

8 . Stannous CHLORIDE (Tin salt). 8 nCl 2 + 2 H 2 O. Obtained by dissolving 
tin filings in HCl and evaporating with addition of granulated 8 n. As it 
d('C()rnposes slightly on heating it is dried by centrifuging. It forms white 
crystals with 2 HgO, is easily soluble in HgO and alcohol. From the aqueous 
solution basic salt is soon precipitated. This may be prevented by adding 
tartaric acid. It is used in dyeing as a mordant, for reducing indigo, in pre- 
paring purple of Cassius (see “Gold colours”) in tin plating, &c. 


S. G. and contents of stannous chloride solutions at 15® C (Gerlach). 


S. G. 

SnCl, -1- 2 H,0 

‘V 

/o 

Bl 



HHIH 

1.013 

>2 

1.212 

28 

1.497 

64 

1.020 

4 

1.230 

30 

1.525 

56 

1.040 

0 

1.249 

32 

1.554 

68 

1.064 

8 

1.208 

34 

1.582 

60 

1.068 

10 

1.288 

36 

1.613 

62 

1.083 

12 

1.309 

38 

1.644 

64 

1.097 

14 

1.330 

40 

1.677 

66 

1.113 

10 

1.352 

42 

1.711 

68 

1.128 

18 

1.374 

44 

1.745 

70 

1.144 

20 

1.397 

46 

1.783 

72 

1.101 

22 

1.421 

48 

1.821 

74 

1.177 

24 

1.445 

50 

1.840 

76 

1.194 

20 

1.471 

52 




11. Tin composition, sec No. 4. 

10. Stannic oxide. Sn 02 . Occurs naturally as tin stone. It may be 
cbtained by strongly heating tin in the air. It is amorphous, white or yellow, 
uot volatile, is not affected by concentrated acids, though dissolved by potash 
^yc. It is used as a polish, in manufacturing milk glass, enamel and non- 
transparent glazes. — According to Amer. Pat. 780984 SnOg is obtained by 
passing hot air over molten Sn and removing the stannic oxide which forms 
cn the surface. . . . 

By precipitating SnCl 4 -solution with NH 3 or NagCOs a white precipitate 
stannic nydroxide (stannic acid) H4Sn04 or HgSnO^ is obtained. I he 
precipitate is not quite insoluble in HgO; it dissolves readily in concentrated 
BCl, HNO3, H2SO4 and in dilute alkalies. Of the same constitution ^stannic 
'^‘id is metastannic acid, obtained by the action of concentrated HNO 3 on 
and forming an insoluble powder. Both stannic acid and metastannic acid 
are converted into SnOg on heating. 

Stannic oxide: 

Clanger, Dresden, Germany. 

Bliicher. 
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Tin mordants. 


Tin mordants. 

1 . Tin salt, (stannous chloride). SnClg. (For preparation, see “Trx 
pounds”). It dissolves to a clear solution in little HgO, and is precipitated on 
diluting as insoluble Sn(()H)Cl, though not when free HCl is present. It is 
used as a wool mordant for cochineal scarlet, for dyeing blacks on silk and for 
weighting silk. For cotton it is only used with other mordants in order to 
alter the shade. 

2. Stannic chloride. SnCl4. (Preparation see ‘Tin compounds”.) Jt is 
used for weighting silk and as a mordant in dyeing cotton with dye woods 
(Logwood, Lima wood and fustic). In this case the cotton is first tnated 
with tannic acid solution and then with stannic chloride solution; the tannif 
acid is merely to fix the stannic oxide, while the latter fixes the colonrinu 
matter of the wood. 

3. Pink salt (ammonium stannic chloride). (SnCl4 2 NH4CI.) kor 
preparation, see “Tin compounds”. Application the same as stannic chlondk. 

4. Preparing salt (sodium stannate). Na^SnOg -j- 3 H.^O. (Preparation, 
see No. 38 “Sodium compounds”.) It is used for mordanting wool and cotton. 
The materials are soaked in a solution of the salt and then quickly passed 
through very dilutci II2SO4. In this process stannic hydroxide settles in the 
fibre and forms insoluble lakes with the dyes. 

Tin plating. Tin plating sheet iron, i. e. the manufacture of tin plate is 
a very complicated process. The .sheets are first very carefully dipped in a 
mixture of dilute 112804 and HCl, then well washed, dried, and finally packed 
in iron boxes and, gradually heated to cherry-red heat in furnaces. They n'lnain 
at this temperature for six hours, are then slowly cooled, made smooth (cold 
treatment) between hard cast rollers, heated again rapidly with exclusion 
of air and dipped once more in a fermimting mixture of bran and water. 
Then follows another short dipping in dilute H2SO4, washing, brushmg with 
sand and immersion in fresh water. The sheets are now prepared for i)]atiiii,c 
They now pass successively through five vats; the first and last containiiiii 
hot oil (palm oil), while the second is filled with ordinary molten tin at 100" (’. 
The tin is covered with a layer of palm oil to prevent oxidation. Tlu^ slncts 
are placed into the oil vessel while wet, after ten minutes they are mov(x) tc 
the first tin vat (coarse) where they remain for 10 minutes. From there tluy 
pass into the brush vat containing a better quality of tin at 240 (not liiglur)- 
About 20 sheets at a time are taken from the brush vat, laid out and bnislicd 
with long brushes soaked in oil; this operation effects the actual alloyiu.u 
the Fe and Sn. The stripes caused by the brushing are removed in the last 
tin vat (fourtli vessel) which contains the purest tin covered with a tliijj 
layer of palm oil. At last they pass into the fifth vessel, filled with palm "u 
at about 200 — 400^0. This last vat contains several pairs of rollers w hidi 
take the tin plated sheets through the oil and out again. The sheets w la a 
finished are placed in oil at a low temperature so as to cool very gradiuilly 
and arc later freed from oil by scrubbing with bran and chalk. 

Wire is usually tin plated by the same method as is used for zinc ])latim; 
(q. V.), i.e. it is moved between two drums passing through an etching solnban. 
then through an apparatus fitted with rags, &c. to wipe off the liquid, aiu 
finally through a vessel filled with molten tin. 

Recently electrolytical methods have been proposed, though as yet 
marked success has been obtained. According to Roseleur a bath is | 
containing 12 g tin salt and 100 g sodium phosphate to 10 litres HgO; the ba a 
must be kept constant during the process by adding concentrated 
chloride and sodium phosphate solution. The voltage should be 2 — 3 vc 
the temperature not below 20*^0; the anodes are large sheets of tin. 

See also the article on “Tin” for methods of removing tin. 



Titanium. 


707 


Titanium. Ti. A. VV', = 48.1. A ran^ element forming three oxides: 
(itaiiiiuu monoxide Tiap,, titanium oxide (titanic acid anhydride) TiO., and 
titanium scsquioxide Ti203. 1 'he compounds of titanium are, on the whole, 

little importance. According to Germ. Pat. 123860 good mordants are 
said to he obtained by treating titanium compounds with bisulphite, extracting 
with dilute H 2 S ()4 and evaporating. 

(h'rm. Pat. 152257 treats of the production and separation of titanium 
c()inj)ounds, Germ. Pat. 150557 of the electrolytical preparation of titanium. — - 
Germ. Pat. 136009 and 149577 deals with the pre})aration of solutions of 
titanic acid in lactic acid and combining titanic acid with lactic acid, respect- 
ively. — Amer. Pat. 742797 and French Pat. 338934 protect a |)ro(‘ess for 
the eh'ctrolytic reduction of organic substamics by means of titanium com- 
pounds. 

Titanium alloys, see “Aluminium ai.loys” No. 8 and “Iron alloys” 
No. 10. 

Tohacco. The leaves of various species of Nicotiana prepared for smoking, 
(h('\ving and the manufacture of snuff. The important (‘onstituents are 
Xk OTINE and Tobacco oil. The leaves are dried, laid in heaps and packed. 
The subsequent treatment varies according to the purpose for which the 
tobacco is intended. Generally a further fermentation takes place after the 
addition of certain liquors containing spices, sugar, salt, nitre, cScc. which 
dcvclo]) the aroma. The leaves are then rolh'd, or cut and dried, or roasted. 

Lhsually, tobacco for smoking purjioses is only once fernumted and treated 
with water, a decoction of ashes or with weak acids. The percentage of 
iiicotirui varies inversely as the (piality of the tobacco. 

Recently ozone has been used to improve the quality of the tobacco leaf 
and to make it burn more readily. 

Attempts have been made to render tobacco harmless for smoking purposes. 
With tills object the nicotine has been (extracted, but since by these means 
otluT constituents are removed, the aroma is d(‘stroyed and the tohacco tastes 
like straw. Another plan is to pass the tobacco smoke through fibrous 
niatoi'ials which absorb the poisonous constituents. To iiuTcuise the (d'fect 
of this jirocess, the “filter” is sometimes moistened with acids. The method 
proposi'd by Thoms (Germ. Pat. 145727) is comparatively successful. Accord- 
ding to this the mouth piece of the cigar contains a wad impregnatiul with 
hoCI.j, heS 04 better with ferrous ammonium sulphate. In tliis way the oils 
fornied by combustion and the HoS are completely removed, while the bulk 
of th(' nicotine and its decomposition products and half of tlu* HON are ab- 
«orl)ed. 

According to Germ. Pat. 178962 tlie nicotine is set free by treatment with 
‘hkalies^ after which the tobacco is dried in vacuo without any rise of tern 
P^watiire. 

To increase the aromatic flavour of tobacco, cigars, cigarettes, &c. methyl - 
^'ugcriol, methylisoeugenol and their homologues are added, either to tlie raw 

to the manufactured product. 

Tobacco vacuum apparatus; 

Hockmann, Berlin SO. 16, Briickenstr. 6b (soo advts.). 

bibiicco extract. A dark-brown, viscid liquid with a faint but not un- 
Pkasant smell, prepared from tobacco leaves or stems (ribs). In 1 — 2 % 
‘Solution it is used successfully for the destruction of parasites on domestic 
''Animals (itch, mange, &c.). It is also used for killing plant pests. 

C14H12 . (NH2)2 = P’amido-o-ditolylNH 2 .(CH 3 ).CoH 3 (CH 3 ).NH 2 . 

treating hydrazotoluene with HCl. Hydrazotoluene is obtained by 

45 * 


0 Tolidine. 

Obtained by 
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Tolu balsam. 


the reduction of o-nitrotoluene with sodium amalgam. It may also bo obtained 
by treating azotoluene with Sn and HCl. 

It forms bright scales M. P. 128®. In addition to the free base, the chloride 
and sulphate, as moist pastes, are sold. It is used in the manufacture of 
various azodyes. 

Tolu balsam. Obtained from Toluifera Balsamum which grows in 8()utli 
America. The stem is cut and the sap exudes as a brownish-yellow Ji(pii(i. 
It comes into the market as a brownish red, crumbly, crystalline substaiuc. 
It has a sweet taste and resembles in odour Peru balsam, to whicli it is 
closely allied. It is used in medicine and perfumery. 

Toluene (methyl benzene). CgHg . CII3. A homologue of benzene. It 
occurs principally in the 50 % benzene and in the higher boiling oils. It 
cannot be separated by fractionation. On a commercial scale someof thcliydro- 
carbons of the fatty series are removed by shaking with a mixture of IIXO.^ 
and H2SO4. The olefines polymerize, the hydrocarbons remain unchantK'd 
and may be removed by distillation in steam. On a small scale the impiiritios 
are removed by boiling the oils with sodium when they separate as resins. 

Pure toluene is very similar to benzene. 8. O. 0.87; B. P. 110®. It should 
distil completely within one degree. At —28® it is still liquid. Toluciu' is 
used in the preparation of dyestuffs, .synthetic drugs and perfumes. 

Test. The examination is similar to that of benzeme (q. v.). It should distil 
within one degree and when shaken with an equal vol. of concentrated H.28O4 
for some time it should give no colouration. When 90 cem toluene arc shak(;ii 
with 10 com HNO3 (S. G. 1.44) in a tall glass-stoppered cylinder, the acid 
should be coloured red, remain clear and not become viscid or greenish in 
colour. 


o-Tolucucsulphamide. 


C,H,/ 


CH3 

SO2 . NH 


2 


Prepared by various methods (sec Saccharine under “Sweeten rxo 
materials’’). It is u.sed in the sweet-.stuff and dyeing indu.stries and in the 
preparation of drugs. 


Toluidines (amidotoluenes). CgH4(CH3)NH2. The preparation is similar 
to that of aniline (q. v.). See also under “Aniline”. Germ. Pat. 139457 and 
144809 and the electrolytical preparation. 

When toluene is nitrated tne three isomers are formed simultaneously, 
and on subsequent reduction the three toluidines arc formed. The meta 
compound is the one present in least quantity. The separation from eac h 
other and from aniline is of the greatest importance. 

The mixture of toluidines is strongly cooled when the para-compound 
separates and is removed by filtration under pressure. The crude toluidines 
may also be treated with HCl and oxalic acid and heated to boiling; 
sparingly soluble p-toluidine oxalate separates while o-toluidinc hydrochloride 
remains in solution. The methods of separating aniline and the toluidines 
depend partly upon the different strengths of the bases and partly upon the 
different solubilities of the acetyl compounds of aniline and p-toluidine. 

The patented method of Wuelfing is interesting. This depends upon tne 
fact that only those amines in which the para position is unoccupied can c® 
readily converted into amidoazo-compounds. After treatment with HCl anc 
NaN02 the unaltered p-toluidine is separated by distillation in steam. Another 
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method, also due to Wuelfino, depends upon the fact that the sulphonation 
of toluidines is only successful when the para position is unoccupied. The para* 
toluidine in this process therefore remains unchanged. 

o-TOLUiDiNE is a colourless oil turning brown in the air. S. G. 1.00; B. P. 
198^. Very similar to aniline but distinguished from it by the smaller solubility 
of the nitrate and the greater solubility of the hydrochlorides, o-toluidine 
oxalate is soluble in 250 parts of ether. 

m-TOLUiDiNE is a colourless oil. S. G. (at 25®) 0.998. B. P. 197 Present 
in aniline oil in small quantities only. 

p-TOLTJiDiNE forms colourless crystalline leaves, sparingly soluble in cold 
water, readily in benzene, alcohol and ether. M. P. 45°; B. P. 198 o. It is 
almost insoluble in ether. 

The toluidines arc used in the manufacture of dyestuffs. 

Toluyl- and Tolyl compounds. See;— ‘Toluene”, “Nitrotoluene”, 
“dtnitrotoluene”, “Trinitrotoluene”, “Toluidine”, “Tolidine”, 
“C^ESOLs” and “Toluylenediamine”. — Azotoluene and Amtdoazo- 
TOLiiENE are mentioned in the article on “Azo-coMrouNDs”. 


Toluylenediamine. (^gH 3 (CH 3 ) (NH 2 ) 2 - Chiefly o-p- toluylenediamine 
(CHg : NHg : NHg - 1:2:4) is used; it is obtained by reducing dinitro- 
toluene (q. v.) with he ] HCl. It is generally used as an aqueous solution 
for various purposes, e. g. the manufacture of coal-tar dyestuffs. 


Tombac, see “Copper alloys”. 

Trasulphane. Another name for Ammonium sulyhoichlhiolicum. 


Triazo -dyestuffs. Group of dyestuffs containing the azo-group — N=N — 
three times. Sec the articles on “Azo-dyestuffs”, “Dtazo-dyesttjffs” and 
“Tetrazo-dyestuffs”. 

Triazo-dyes may be obtained from a diamidoazo-comjiound, or a diamine, 
also from one diamine and one monaniine, or from a triaminiL 
To the first group belongs Dianthine (Sodium salt of diamidoazoxytoluene- 
disazo-bi-l-naphthol-4-sulphonic a(dd) obtained by the condensation of 1 mol. 
diamidoazoxytoluene with 2 mol. a-naphtholsulpbonic acid NW. An example 
of the second group is benzo-grey of th(‘ following constitution: 


^salicylic acid 
benzidine 

naphthy lamine 

4 a-naphtholsulphonic acid NW. 

IKamine green is obtained from one diamine and one monamine, as follows : 
^salicylic acid 
benzidine 


^amidonaphtholdisulphonic acid H 
p-ni tramline. 

Alizarine yellow FS is obtained from a triamine by the action of salicylic 
^id on fuchsine. 


Tribromphenol see “Bromol”. 

Trichloracetic acid, see “Chloracetic acids”. 
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Trichlobmethane . 


Trichlormethane, see “Chloroform”. 

Tricresol. A purified mixture of the three cresols (see “CJresols'^^ r 
ta.n.ng about 35 «/„ o-cresol, 40 % m-creaol and 25 % p cresob 

Triformol. For preparation and synthesis see “Formaldehyde”. It is „«.,i 
as a disinfectant. 


CHo 




CH3— N 

c»h,-A- 


c— N< -I-CCL 


-CO 


C— H 

/\ 

OH OH 


Butyl chloralhydrate IS allowed to act on dimcthylamidoantipyrine and 
the product of reaction purified by recrystallization from alcohol or bciizcni' 
ir, w n ’ hygroscopic, crystalline powder. M. P. 85^ soluble 

in HgO, easily soluble m alcohol and benzene, sparingly in ether and liaroin 
In consequence of its analgetic effect it is prescribed for headaches, neurd-da 
&c.; it IS also a mild antipyretic. Dose 0 5 1 2g 

2 dissolving completely to the extent of 

2.2 to 2.55 % in water. The solutions are used as powerful 

Trimethylbenzenc, see “Cumene”. 

Trinitrine, see “Nitroglycerine”. 


I antiseptics. 


fvTm tTt .CeH^fNO,) Trinitrotoluene is oxidized (uccordin. to 

L ^. 2^04 With chromic acid, the product bciim 

trimtrobenzoic acid. The latter loses CO, on heating yielding trVnitrobenzom-. 

Trinitroglycerine, see “Nitroglycerine”. 

Trinitrophenol, see ‘‘Picric acid”. 

Trinitrotoluene. C6H2(CH3) (NOglg. Trinitrotoluenes are obtained fioiu 
toluene in the same way as trinitrophenol is from phenol (see “Picric acid 
.Nitrotoluene and “Dinitrotoluene”.) 

pmitrotoluene k used in the manufacture of explosives; the M. P. lies 
between 71*^ and 80 o. x. 

Trinitrotoluene : 

Sprengstoff A.-G. Carbonit, Hamburg. 

Trional == methylsulphonal (Diethylsulphoncmethylethylmethane). 

. C 2 H 5 


C 2 H. 




SO2 . C,H.. 


^ -z — o • '^2 ■*^5* 

It is obtained like sulphonal (q. v.) by the condensation of methyletliyl- 
subsequent oxidation of the resulting mercaptel 
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Colourless crystalline scales M. P. 76 ^ C, readily soluble in alcohol and 
ether, sparingly soluble in H 2 O. It is a good soporofic. First dose 1.6 g, 

afterwards 1.0 g. 


Trioxymethylcne, see “Formaldehyde’'. 

Triphenine == propionyl-p-phenetidine. CgH4((3C2Hr,)NH(CO . CH2 . CH3). 
Tlie preparation is similar to that of phenacetinc ((p v.). It is obtained by 
heating p-phenetidine with propionic acid. 

Colourless crystals M. P. 120 ^, very sparingly soluble in H./). It is used as 
an antipyretic and antineuralgic. 

Triphcnylmethanc dyestuffs. A class of dyestuffs derived from triphonyl- 
methano HC^CeHglg. Amongst them arc amidotriphenylmethane dyestuffs 
(q. V.), oxytriphenyimethane dyestuffs (q.v.) and phthaleins. For the latter see 
Tykonine dyestuffs”. 


Ti’opacocaine == benzoyl -tp-tropino. CigHjaNOa. A base, found in minute 
quantities with the cocaine alkaloids; M. P. 49^. The preparation is protected 
by derm. Pat. 88270, 89597 and 89999. 

‘it is an excellent local anaesthetic and is coming more into use. 


Tropone. A food preparation consisting of pure coagulated albumin from 
animal and vegetable residues, (‘-specially from meat flour, i. e. from the 
nisidues obtained in the preparation of extracts of meat, ihe material is 
tnuited with very dilute alkali and the proteid substances separated froni the 
solutions by acids. The impurities are removed by treatment with 
and hypochlorous acid. As a rule tropone is a mixture of animal and 

vegetable proteid substance. 

Tropone is a dry powder. 1 kg tropone possesses (according to its content 
<)f albumin) the nutrient value of 200 eggs. It is given as soup.s and beverages 
ami also baked with dough (tropone bread). Besides jmre 
containing iron (iron tropone), with nutrient salts, with floui (children s ), 
&c. arc sold. 


Tubes. 


Copper tubes : 

Fricdrifih Hockmann, Berlin SO. 16, Briicken^tr. 6b (see tulvts.). 

Tubes (copper, lead, porcelain, glass, transparent fused silica glass): 

Johnson, Mathey & Co. Ld., Hatton Garden, London K.C. (.seo advt.). 


Earthenware tubes: 

Fr. Chr. Fikentschor Ltd., Zwickau Sa., Germany (see front part advt. 
^Vtstdeutscho Steinzeug-, Chamotte- und Dinaswerke G. m. b. 11., 
(Germany) (see front part advt. p.). 


). 

Eu.skirclien, 


Rheinland 


Tuinenol. Including I. Tumbnol, 2. Tumenolsulpiione, 3. Iumenol 
powder (tumenol sulphonic acid) and 4. Tumbnol ammonia. 

Tumenol is obtained by sulphonating the mmeral oils 
lutuminous shist. It is a mixture of tumenolsulphone and tumenolsulphonic 
seid. These two ingredients are separated by treating -nThe 

with soda lye and extracting the reaction product with ether to obtain the 
tumenolsulphone. The sodium salt of the tumenolsulphonic acid hemg in- 
soluble in ether, remains behind after the extraction. ^ 

acid is separated in the form of a dark powder from the salt by treatment with 

HCl. ^ 
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Tungsten. 


Tumenol is a dark oil of the consistency of syrup, nearly insoluble in H.,() 
readily soluble in oils. The properties of tumenolsulphone are similar. Tumenol! 
sulphonic acid on the other hand is a dark -coloured powder, readily soluble 
in hot HgO, sparingly in cold. Tumenol ammonia is on oily liquid. 

Tumenol is used medicinally in the external treatment of skin disease s 
wounds, burns, &c. It has a drying effect. Tumenol ammonia is generally 
used. 

Tungsten. W. At. wt. ^ 184.1. Tungsten is found in nature in the form 
of tungstates, as scheelite CaW04, as stolzite PbWO^, and as wolframite 
(Fe,Mn)W04. The metal is obtained by reduction of the oxide or chloride in 
a current of hydrogen or with carbon in the electric furnace. According to 
Germ. Pat. 141811. Pure tungsten is obtained from tungsten ores, slags, eti , 
by smelting at first with NaHSO alone at a temperature of 300® and tlun 
with bisulphate and lime or calcium salts (CaCOg, CaClg, etc.) with addition 
of alkali chlorides at 800®. It is important that the bisulphate should b(i in 
excess. If the process is properly conducted all the tungsten is obtained in tlm 
form of tungstic acid which can be reduced to metallic W. Germ. Pat. 141)550 
is similar to the above patent. 

Germ. Pat. 147326 deals with the preparation of the metals of the iro]i 
group in electric furnaces. See “Chromium^. 

Tungsten forms a lustrous, hard, steel-grey powder which is only fusible with 
difficulty. S. G. 19.13. According to von Waitenberg the M. P. lies betweou 
2800® and 2850®. The alloys and compounds of tungsten have recently becoiiir 
commercially important. Tungsten itself is now used in the manufactuic i f 
tungsten lamps (q. v.). 

Tungsten : 

George T. Holloway, 57 Chancery Lane, London H.O. 

Weserifold, Dicko & Cio,, Bannon-H., Germany. 

Tungsten alloys. 

1. Ferro tungsten. Wolframite is washed and treated with IK^ im 
order to remove S and As. The purified ore is treated with carbon and 
iron-ores in closed crucibles or is fused directly with cast-iron in cupola 
furnaces. It is used in the preparation of tungsten steel. Compare “Tro> 

ALLOYS “. 

Ferro tungsten : 

Wosenfold, Dicko & Cie., Barinon-R., Germany. 

2. Tungsten steel. To molten steel (in the crucible) ferro-tungsten 
or (more recently) pure tungsten is added to the extent of 5 — 8 %. Tin* 
addition of tungsten raises the hardness without affecting the temper of 
the steel. The welding properties, etc. are not diminished by the addition 
of tungsten as is the ease when the carbon content is increased. The greater 
the percentage of W the smaller should be the amount of C present (not 
more than 1.5 % C should be present). See “Iron alloys“. 

Tungsten alloys: 

George T. Holloway, 57 Chancery Lane, London E.C. 

Wesenfeld, Dicko & Cie., Barmen-R., Germany. 

3. Tungsten -BRONZE. This term is used to denote an alloy con 
taining 95 % Cu, 3 % Sn and 2 % W, or sodium ditungstate + tungsten 
dioxide. Nag, W307(Na2W205 + WO^). This substance, obtained by heating 
sodium tungstate and tungstic acid in a current of coal-gas or of hydrogen, 
forms fine golden cubical crystals. It is of commercial importance. 
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Tungsten compounds. 

1. Tungstic acid (Tungsten trioxide) WO3. Obtained by preci- 
pitating a solution of sodium tungstate (see “Sodium compouni)s“) with 
HCl. It is better to treat the sodium tungstate with CaClg and then to decom- 
pose the calcium salt with HCl. WO 3 may also be obtained directly from 
wolframite by treating the mineral with HCl and HNO 3 to remove the Fc 
and Mn, and then dissolving the residue in NH 3 . The ammonium tungstate 
thus obtained, is heated when WO 3 is formed. 

It is a lemon-yellow powder, insoluble in water and acid, used for tlic pre- 
paration of tungsten -bronze (q. v.) and tungsten blue. The latter compound 
is apparently an oxide of the formula WgOg which has an intense blue colour 
and is insoluble in water. It is prepared by reducing WO 3 with Zn + H(d 
or by heating gently in a current of hydrogen. 

Tungsten compounds: 

George T. Holloway, 57 Chancery Lano. London E.C. 

VVoaenfelcl, Dicke & Cio., Barrncn-R., Cernuioy. 

Tungstate of soda: 

U’osonfeUl, Dicke & Cio., Barmen- II.. Germany. 

Tungstic acid: 

Wesonfold. Dicke & Cie., Bariuen-K., Germany. 

Tungsten lamps. Incandescent electric lamps with a filament of metallic 
tungsten. They are mad(^ according to the methods protected by C(*rm. 
Pat. 154262, French. Pat. 373923 and Engl. Pat. 28154 (1904). The Kiizcl 
lamps are made according to the last named patent. Thes (kram lamp (u)ntains 
a filament consisting mainly of taingstcn to which is added a small percentage 
of an osmium compound. 

These lamps, like other metallic filannmt lamps, eonsuine less current 
and are in every way more economujal than the (;arbon filament lamj)s, 
80 that the disappearance of tlic latter is only a (juestion of tinne 

Turkey red dyeing. A special metliod of dyeing cotton, wool and silk. 
It was formerly exclusively carried out with madder. Compare “Alizarine . 
As this dyestuff has, however, no affinity for either animal or vegetable 
fil)ics, the material to be dyed has in every case to be treated with a mor- 
dant. The compound used for this purpose determines the colour obtained. 
Fibres treated with an aluminium mordant are coloured red, with iron oxide 
viol(;t, those with tin compounds orange, and with chromium oxide bordeaux. 
They are all fast to light, washing and milling. 

There are two distinct methods of Turkey red dyeing ; the older white vat 
process and the newer so-called Turkey red oil process. In the first case the 
cotton is treated with an emulsion of acid olive oil and sheep or cow dung and 
an aqueous solution of NagCOa for 24 hours. After this it is dried in the air 
at a moderate temperature to fix the insoluble oxy-fatty acids, formed by 
the oxidation, on the fibre. This operation is repeated twice and the material 
is then washed four times in a weakNagCOj bath, the so-called white bath, 
ler the purpose of removing the excess of oil. The material is then sprinkled 
'vith water, washed, dried, and while still warm treated with suinach extract 
after which it is mordanted with a solution of basic alum. Then follows 
the real dyeing process with a solution of alizarine. After the matenal is dyed 
it is boiled with soap and tin salt to brighten the colour. The new Turkey red 
process is much less troublesome and takes far less time. A I^rkey red oil 
neutralized with ammonia is used instead of the acid olive or Tournant oil. 
Compare “Oil mordants"’. In the new red process the cotton is boiled with 
^a^COg, washed, saturated with warm neutralized Turkey red oil solution, 
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dried, steamed, treated with aluminium mordant, dyed, again treated witli 
Turkey red oil, again steamed and finally brightened twice with soap (undvr 
pressure). 

Until quite recently it was impossible to make use of the Turkey red lako 
in the ordinary dyeing process, as the alizarine necessary coiild net, l)o 
used in a state of solution without injury to the valuable qualities of th(^ hy 
The mnv process patented by Kornfelu renders it possible to work with tin- 
clear solutions necessary without the Turkey red lake colour being in anv 
way affected. Kornfeld used calcium saccharate for the purpose; thisceiu- 
pound is sufficiently alkaline to keep the alizarine in solution, while also (on- 
taining the amount of lime necessary for the production of the Turkey red. 
The lime is precipitated in the form of a cahuum salt of alizarine only after 
the third substance having affinity for the alizarine is added, in this ( asi' 
the fibres mordanted with tli(i aluminium salts of fatty acids. 

Germ. Pat. 138391 dcalmg with the production of Turkey red or Tvnkev 
rose protects a modification or simplification of the new red process. It is 
particularly concerned with (piickening the process by mordanting and a 
better fixing of the alumina and alizarines. 3dic cotton is first, as in other eases ^ 
oiled and dried, but then — and here it differs from the usual methods forineily 
in vogue — the cotton is put into a weaker solution of a suitable aluminium 
salt and gradually warmed. This method is said to fix the alumina so perfectly 
on the fibre, that the hanging, drying or fixing with waterglass, soda or other 
substances is quite unnecessary. All that is necessary is to rinse a little aftej 
mordanting, when the material can at once be dyed. The aluminium sails 
recommended for this purf)ose by the inventor of the process are normal 
acetates, lactates, formates, chromates or phthalates or normal or acid sul- 
phates. The same salts with excess of free acetic, formic or lactic aedds eaii 
also be used. 

Iso soap a new solid sulpho-derivature of castor oil: 

Louis Blumer, Zwickau 8ti., Germany. 


Turpentine. A balsam e.xuding from the stems of various conifers, it is 
a sticky mass of tlie (ionsistency of honey. The (common turpentine is cloudy, 
becoming clear only on wanning, while the finer sort is always clear. 

Common turpentine, is usually obtained by making cuts in the stems uf 
the pine (more rarely the Scotch fir). It is a sticky, semi-liquid mass witli ati 
unpleasant smell. The French and American turpentines are similar. The 
Venetian or Venice turpentine is one of the finer kinds, it is a balsam, ob- 
tained from the larch, which is at first milky but soon becomes clear. Car- 
pathian, Canada, Hungarian and Strasburg balsams also belong to the giou]) 
of refined turpentine. (Sec "’Balsams‘‘). 

Turpentine is used in the preparation of oil of turpentine, resin and coh' 
phony, and also in the manufacture of varnishes, cements, sealing- wiu\, 
plasters, etc. 

A resin, known as boiled turpentine, is obtained as a residue after distilling 
turpentine with steam. It forms a yellowish, solid, opaque mass. 

Amer. Pat. 834759 protects a special distillation apparatus for turpentine 
Amer. Pat. 856049 deals with a retort for recovering turpentine from fini lv- 
divided wood and sawdust. Amer. Pat. 851687, 852236, and 852078 deal ith 
methods for extracting turpentine from wood, a mixture of wood -tar ainl 
pinewood oil being used for the purpose. (A bath of heated resin is iisch.) 

Amer. Pat. 813088 and Norwegian Pat. 16277 (1906) deal with the refiihnk 
of crude turpentine. 

Test. According to Hirschsohn (Pharm. Zentralh. 1903, 825; Chem.-^hy- 
1903, Rep. 316) 10 % liquid ammonia and alcohol (80 % Tralles) are usod 
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' distinguishing common turpentine, Venice turpentine and artificial turpen- 
lino according to the Mowing scheme. 


Kind of turpentine 

Liquid Ammonia (S.G. 0.90) 

1 turpentine + 5 NH, 

Alcohol (80% Tr.) 

1 turpentine -f- 3 alcohol 

Vonioo turpentine i 

Is not dissolved. Turns 
milky on the water bath 

Gives an almost clear solution 

Common turpentine 

Is readily changed into a 
milky solution which soon 
becomes gelatinous, but 
becomes clear on the water 
bath 

Large amounts separate out. 
Clear solution on water bath 

■Artificial turpentine 

Dissolves; solution at first 
clear, but soon becomes 
cl<»udy 

! 

j Alilky solution with sopa- 
j ration of soliil when heated 

1 on the water bath 


Turpentine, Oil of. 

Obtained from turpentine (q. v.) by distillation, either by direct or indireet 
sU'am. The oil is rectificicd by repeating the distillation with steam after 
adding 5 % slaked lime. For pharmaceutical i)urpost‘s rectification must bo 
repeated periodi(;ally since terpentine oil has a tendcmcy to decom])()so in the 
air. Rc(!ently the production of turpentine oil by dry distillation lias beeomo 
more general. 

The most important kinds of turpentine are Fnmeb, English, and Russian, 
tlum German turpentine oil and dwarf pine oil. 

So called pine wood oil is practically the same as turpentine oil ; is it obtainc'd 
from the resinous root wood of pines by dry distillation and substMpient 
n'ctification. 

Tile Engl. Pat. 10004 (1903) deals with a method for removing the dis- 
LM'(M>able smell from Russian turpentine. It is treated with the solution of an 
' 'xidizing agent like permanganate, chromic acid or persulphate (according to 
iierm. Pat. 170543 and 180207, the oil is treated first with alkali, then with an 
alcoholic solution of alkali and finally with dilute acid). 

( ■rude turpentine oil is mobile, colourless or yellow, becomes resinous and 
viscous in air; when rectified it is colourless. S. G. 855 — 870; B. P. 156 to 
lOF. The terpene, pinene, is an ingredient. Turpentine oil absorbs 0, converting 
it partly into ozone. When inhaled or taken internally in largo doses it is 
injurious. It is used to make varnishes and oil paints, to dissolve caoutchouc. 
The oil containing ozone is used to blcfudi ivory and also asa medicament. 

Distilling and rectifying apparatus for Turpentine Oil : 

Xolkmar Huenig & Comp., Heidonau-Drosden, Germany (soo front part advt.). 

Turpentine Oil; 

Slora Kopparbergs Borgslagg Akt’ebolag, Falun, Sweden. 

Tussol = the antipyrinc salt of mandelic acid, obtained by heating anti- 
pyrine with the required amount of mandelic acid on the water bath until 
the mixture melts; the cold mass is reerystallized from alcohol. 

Colourless crystals of bitter taste, soluble in H.jO and in alcohol, M. P. 

52-530 0 . 

Tussol possesses narcotic and antipyretic properties; it is prescribed as a 
i^pecific for whooping cough and also for bronchial and laryngeal catarrh. 

As milk decomposes tussol into its components, it may never be taken with 
luilk, or immediately before or after milk. 
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Ultramarine (Lapis lazuli). A blue colouring matter formerly obtained from 
La'j^is lazuli by powdering and washing. It is now prepared artificially by 
fusing together kaolin clay and sulphur with soda or with a mixture df 
Na2S04 and charcoal. The methods employed are three in number; 

1. The soda method. 2. The sulphate method. 3. A combination of the abovo. 

1. The kaolin is levigated and heated to a moderately high temperatiirt'. 
(It should be as free as possible from iron.) It is then mixed with pure NajCO.,, 
sulphur free from arsenic and wood charcoal. Usually a portion of the Na.,('{)j 
is replaced by Na2S04 and colophony or brown-coal pitch added as a reducing 
agent. 

The following recipe may be given as an example; — 100 parts kaolin, 
46 parts NaoCO^, 41 parts Na2S04, 13 parts S, and 17 parts charcoal. A better 
mixture is the following: — 100 parts China clay, 00 parts Na^CO^, 100 paits S, 
4 parts charcoal and 6 parts colophony or pitch. 

The fusion is carried out in fire clay crucibles at a low red heat ; it is impori ant 
that air should be excluded and that the reducing gases should not conic in 
contact with the fused mass. 

Sometimes the clay and the NagCOg arc first melted together, giving a 
colour base which is then treated with the other materials in a second operation. 

2. Sulphate ultramarine is prepared by first making an intimate mixture 
of 100 parts of kaolin, 80 parts of calcined Na2S04, 17 jiarts of charcoal 
and 10 parts of S; (the moreNa2S04 the lessS, and the more S the less Na2S04). 
On roasting a green product is first obtained, which is repeatedly extracted 
with HgO, finely ground, pressed, dried, sifted, and finally burnt lUJftil hliio. 
In order to obtain the blue tbe substance is roasted with sulphur in prescnci! 
of air. 

3. The combined process is based on the principle of mixing a charge ()f 
the materials us(^d for making soda-ultramarine with a sulphate- ultramarine 
charge. 

The crude ultramarine obtained by one or the other of these processes is boiled 
several times with HgO when the Na2S04 and NagSOg are removed. The 
substance is then ground, again extracted and the water removed either by 
centrifugal machines or in filter presses. Finally it is treated with 4 tinus 
the quantity of MgCOg for the finer producte and 10 times the quantity of 
chalk, plaster of Paris, or kaolin for the inferior qualities, after which the 
mixture is ground. In some cases glycerine is added to give the preparation 
a darker shade. Preparations rich in Si02 can bo worked up into ultramarine 
violet and ultramarine red. To make the violet shade, ultramarine blue is 
treated at a high temperature either with chlorine and steam, or with Hij 
and air, or again with sal ammoniac and nitrates. Ultramarine blue is converted 
into red by the action of HCl or HNO3 vapours at (about) 130®. 

Germ. Pat. 149203 claims to avoid the difficulties attending the use of so 
much sulphur and the large comsumption of fuel in the manufacture of ultra - 
marine, by surrounding the muffle in which the product is heated with double 
walls. The intervening space is connected with a ventilator, so that the sul 
phurous gases which are given off cannot escape but are conducted into a 
condensation apparatus. The muffle is also arranged in three parts and is 
worked like a blast furnace, there being at the top first a warming chamber 
into which the material to be calcined is brought, below this is the reaction 
chamber proper and finally the cooling chamber. Germ. Pat. 166336 employ^ 
a mixture of charcoal China, clay, sulphur, crude NagCOg, rice husks am 
other materials suitable for the preparation of ultramarine. The principal 
object of the process is to add the carbon and siliceous matter in the same 
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i\v material; such a raw material is obtained by charring rice husks at a 
temperature of 300 — 400®. 

The constitution of ultramarine is still unsettled. It is an azure-blue 
hygroscopic powder without taste or smell, which does not dissolve in ordinary 
solvcmts but which in acids or salts with acid reactions, decomposes and loses 
its colour with evolution of H2S. 

Ultrarnarine is used for painting, for lime wash, for juinting wall paper 
and textiles and for “blueing"’ discoloured substances such as sugar, paper, 
starch, linen, &c. The sensitiveness of ultramarine to the action of acids 
explains why the production of ultramarine is gradually diminishing. 

Ultramarine yellow see “Chrome ('oi.oors”. 

Umber see “Mineral colours, natural”. 

Unal see “PnoTOGRAPiiic (uiEMiCAr.s”. 

Uralite. An insulating incombustible! prodmd- wdiich at first resembles 
asbestos board, but after lieating in furnaces, is hardened so that it is as hard as 
as metal. A mixtuni of asbestos and Spanish white with gidatinous siliceous 
('arth is rolled into plates 2 mm in thickne^ss. These plates are heated in gas- 
furnaces, soaked in a solution of soda water-glass, dried, dipped into a solution 
of sodium bicarbonate, dried again and finally treated in a bath of KCl. The 
process is protected by various patents, among others by Germ. Pat. 143880. 

Uralite plates are easily worked witli carpenters’ tools, resist bending to a 
considerable extent and are bad (inductors of Inuit and ele(?tri(!ity. 

Urania blue. A coal-tar dyestuff of unknown constitution, obtained by the 
oxidation of /1-dinaphthyl-m-phenylcncdiaminedisulphonic acid and p-amido- 
dirnethylanilinethiosulphonic acid. It dyes wool and silk blue in acid baths. 

Uranium and uranium compounds. 

1. Uranium. U. A. W. 239.4. A rare element, oceurring chiefly in 
pitchblende, uranyl oxide U^Og — 2 UO3 . UOg. Uranium itself has recently 
been obtained by the reduction of uranium oxide, UO., with C in electric 
furnaces. It is an iron-like metal, as hard as steel, oxidizing at the surface in 
air; S. G. 18.7. The metal itself is of no industrial value. The compounds 
of uranium are not less poisonous than those of arsenic. 

2. Uranium oxides. The only important one is uranium trioxide UO3 
which remains as a yellow-brown powder when uranyl nitrate is luxated to 200®. 
Tt dissolves readily in acids forming uranium oxide .salts, the di- valent radical 
UO2 taking the place of the metal. 

By precipitating solutions of uranyl-salts with KOH, NaOH, NH^, Ba(OH)2, 
&e., uranium hydroxides are not obtained, but the salts of uranic acid(uranates), 
known commercially as uranium oxides and used to make uranium glass, 
i- e. glass with a yellow -green fluorescence. Sodium uranato (sodium di-uranatc) 
Na2U207 is made on a large scale and is sold as uranium yellow or sodium 

nranate. 

3. Uranyl acetate. U02(C2H.,02)2- Uranyl nitrate Ls heated until a little 
basic salt is formed. The orange -coloured residue is heated with a little concen- 
trated acetic acid. On cooling, fine crystals of the acetate are obtained con- 
taining 3 raol. HgO when formed below 10® C and 2 mol. HgO when above 10®. 
Uranyl acetate is readily soluble inH20 and alcohol; it readily forms double 
salts. It is used in analytical chemistry for the determination of phosphoric 
acid. 

4. Uranyl nitrate. UOalNOalg. Obtained pure by dissolving UO3 in 
HNO3; commercially from uranium pitch blende by various methods; the 
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following is a reliable process: pitchblende is stirred with dilute HNO , pi, 
Cu, and As are precipitated from the filtered solution by HgS, the filtnite is 
evaporated to dryness and the cold residue extracted with HgO (the oxids 
of Fe, Co and Mn remaining behind). When the solution Is evaporal( i 
crystals of U02(N03)2 are formed; these are purified by recrystallization. Th - 
crystals are large, yellow with a slight greenish cast, they dissolve in alcohol 
and ether, readily in HgO. The salt is used for making other uranium j)i, - 
parations, and in photography. 

5 . Uranyl phosphates. Of the various phosphates the acid salt (UOo)HP( ) 
is most important. It is prepared by treating uranyl acetate with pliosphoiir 
acid, or by treating the acetate or nitrate with Na2HP0,, &o. 

Uranium and compounds: 

Johnson, Mathey <fc Co. Ld., Hatton Garden, London E.C. (see advt.). 

Urea (Carbamide). CO(NH2)2* Synthetically obtained by the intr.i 
molecular rearrangement of ammonium isocyanate (CON . NH4— >CO(NIlo)o). 
Equivalent amounts of potassium cyanate and ammonium sulpliate in a(|uc()i’is 
solution are evaporated ; when the concentrated solution cools KgSO^crystallizt s 
out ; it is filtered off, the solution evaporated further and the urea cxtructrd 
from the residue with hot alcohol. Recently urea has been obtained from 
calcium-cyanide (see “Calcium compounds''), since cyanamide is convcdltd 
into urea in the presence of water; it is not, however, likely that this prjxTss 
(protected by the Amer. Pat. 796713 ) will be practicable. 

Urea occurs in the urine of mammals. The urine is usually evaporated and 
HNO3 added and the urea thus separated as nitrate. 

It forms long rhombic crystalline prisms or needles, with a cooling tast , 
like that of KNO3. M. P. 132 — 133 °. It dissolves in 1 part cold and 
5 parts alcohol; almost insoluble in ether. 

Urea: 

C. Erdmann, Loipzig-Lindonau. 

Uresino. Lithium urotropine citrate. Used as a diuretic* . 

Uric acid. C-H4N4O3. The constitution is as follows: — 

HN -CO 

oc; 0— NH. 

I II >C0. 

HN— C— NH^ 

Uric acid is usually obtained from Peru guano. This is dried, 2)0\vderod, 
and heated with concentrated H2SO4 to 100°, and kept at this tempciatniv 
till all the HCl and HF arc expelled. It is then allowed to cool when it is 
much diluted with H2O and allowed to stand for several days. After this it is 
filtered and the w'ashed precipitate is put into boiling potash lye (8 % KOH ). 
The solution thus obtained is filtered, warmed with animal charcoal, filtered 
while still warm and allowed to run into HCl, when the uric acid separates. 
The product is purified by repeating the process of precipitation and solution 
and is finally recrystallized. The acid is also prepared from the excrement ot 
snakes. 

Uric acid is a crystalline, granular white powder without taste or sun n. 
It is insoluble in ether or alcohol and almost insoluble in cold H2O. It dissolve'* 
with difficulty in hot HgO. It is a dibasic acid. 

Urocitral. Sodium theobromine citrate C,H,N40jNa . C3H4(OH) (COONa),- 

Used as a diuretic. 
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Urogosan. A compound of gonosan and hexamethylenetetramine prepared 
in gelatine capsules. Recommended as a disinfectant for the bladder. 

Urol — the urea salt of quinic acid. It is prepared according to the Germ, 
pat. 124426. 

It is highly recommended for gout on account of its great power of dissolving 
uric acid. 

Urosine. 50 % aqueous solution of the lithium salt of quinic acid Pro^ 
cribed for gout. • 

Urotropine sec “HEXAMETHYLENTETRAMI^^E’^ 

New urotropine is hexamethylenetetramineanhydromethylene citrate. 

Ursol. Dyestuffs of unknown constitution produced on the fibre by the 
oxidation of p-phenylendiamine or p-amidophenolhydrochloride with hydro^ren 
peroxide or KgCrgO,. Ursol is chiefly used in the dyeing of hair (fur &c ) 

It gives brown to black colours. ‘ ' 

Urystamine = lithiumhexamethylenetetraminebenzoatc. Recommended 
for gout. 


Vacuum apparatus. 

Vacuum apparatus: 

\ ()lkinar Hnenig & Comp., Heidonuu-Drosdott. Oorniany (moo front part advt.). 

C. Harzer & Co., Finsbury Pavornent House London E.C. 

Ktrill Passburg. 30 Great Street, Helens, London E.(’. 

Werner Pfleiderer & Perkins Ld., Peterborough. 

Wegeliri & Huebner A.-G., Hallo a. d. S.. Germany. 

Vacuum plants: 

Krnest Scoit & Co., 2 Talliot Court, London E.C. 

Earthenware vacuum apparatus: 

VVo^tdoutache Steinzeug-, Chamotte- und Dinaawerke (L m. b. H.. Euakirehen, Rheinland 
(Oerniany) (see front part advt. p.). 

Vacuum drying apparatus: 

J'riodrieh Heckmann, Berlin SO. 16, Briickenstr. 6b (aee advta.). 

Vacuum drying cupboard of cast iron and forged iron: 

Wdkinar Haenig & Comp., Heidenau-Drosden, Germany (see front part advt.). 

Valeric acid. CsHkjOjj. A fatty acid occurring in two modifications, the 
normal acid ^propylacetic acid) and the iso-acid (isopropylacctic acid). It 
occurs in the form of esters in many plants and also in blubber. The normal 
acid IS found in crude wood vinegar. Ordinary valeric acid is obtained from 
^ !^‘ J^ots of Valeriana officinalis by distillation with water with the addition 
nt H:,P 04 . It is also prepared by the oxidation of alcohol (fusel oil) witli 
(), + H,SO,. 

Valeric acid forms a monohydrate and a trihydrate; it is a colourless, clear, 
liquid having a strong odour resembling that of valerian and decomposing 
^'neese. S. G. (at 200) 0.931 ; B. P. 176.3o. The salts usually have the peculiar 
pQour of the frqe acid. Amyl valerate and ethyl valerate are of importance 
in the preparation of fruit essences. 

^Valerydine = isovaleryl-p-phenetidine. Prescribed in cases of neuralgia, 
wadache, hysteria, &c. Now little used. 
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Validol = menthol valerate. It is prepared by warming 16 parts menthol 
with 12 parts valeryl chloride, adding dilute NaOH solution, extracting with 
ether and fractionating under reduced pressure, 

Valves. 

Valves (Acid-proof) ; 

C. Harzer & Co., Finsbury Favoinont House London E.C, 

Valyl — diethylvaleramide. CH, . CHo . CHo . . CO . N(C2H5).,. oi). 

tained by the action of cthylamine on valeric anhydride. A clear liquid 
having a suk^II of pepper, proscribed for hysteria, neurasthenia, hypochomlria, 
nfMiralgia, and palpitation of the heart. 

Vanadium and vanadium compounds. 

1. Vanadium. V. A. W. 51.2. The metal may be prepared willi diffi- 
culty by the reduction of vanadic acid with C in electric furnaces. (Eugl. hd. 
12727, 1003). According to Germ. Pat. 153610 an anode consisting of nri 
intimate mixture of vanadium trioxido and carbon and a cathode of iron an* 
used in an electrolyte which consists of iron fluoride dissolved in fused calcimn 
fluoride. VF3 is first formed and this then decomposes into V and V. TIk; 
vanadium forms alloys with the iron of the cathode. See “Iron allon s”. 

2. V^anadium PENTOXTDE (Vanadic acid). VgOg is the most important com 

pound. In order to prepare it, vanadinite is dissolved in HCl and from the 
solution ammonium vanadate is precipitated by the addition of NH,C1. On 
heating this the oxide is obtained and this is further purified. After fusion i1 
solidifies either in the amorphous form or as reddish-brown needles which 
dissolve in 1000 parts giving a yellow solution with an acid rea(!tion. 

V2O5 has recently been prepared from the slags obtained in the de-piios- 
phorizing of iron. 

The vanadates are usually meta-salts ((jorresponding to HVO3) but ortlio 
and pyro-compounds are also known. Vanadic acid is used as a catalytic agent 
in the manufacture of H2SO4 and also for producing aniline black. 

When heated in a current of hydrogen V2O5 is reduced to V2O3. 

Vanilline (protocatcchuicaldehydemethylether) . 

/COM (1) 

CeH^^O . CH3 (3). 

^OH (4) 

This perfume, so widely distributed in nature, can be prepared in various 
ways, e. g. from the glucoside coniferine contained in the sap of Conifera by 

oxidation with CrOg. The preparationfromeugenol(q.v.)(orstillbetterisoeugenol, 

q. V.) is carried out by acetylating with acetic anhydride, oxidizing the ac(4yl- 
isoeugenol with CrOg to aceto vanilline, and then splitting off the acetyl groiq). 
Further piperonal (q. v.) may be taken as the starting point, and this conycrlcn 
into protocatechu ic aldehyde. It forms white crystalline needles with an 
intense smell of vanilla. M. P. 80 — 81®. B. P. 285®. 

Vans. 

Earthenware vans; 

Fr. Chr. Fikontacher Ltd., Zwickau Sa., Germany (see front part advt.). 

Vaporine — naphthalene-euealypto-camphor. The preparation is 
with boiling water and inhaled. Highly recommended by physicans ter 
whooping-cough. 
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Varflishes. Liquids applied as a thin coating which on drying form hard 
hinins layers, preserving the object from atmospheric influences. Varnishes 
® g classed under three heads, 1. Oil varnishes made with linseed oil and other 
Tvinir oils. 2. Lao varnish or lacquer made of resin dissolved in drying oils. 
S VOLATILE VARiasHES, such as turpentine varnish and spirit varnish, made 
of resin dissolved in alcohol, ether, tuiyentine oil, acetone, benzine, &c. 

The method of making oil varnishes is given in the article on “Linseed oil 
varnishes” and that of making lacquer under “Printer’s varnish”. In this 
article we have to consider those included under 3., the volatile varnishes. 

These varnishes are as a rule not so durable as those made with oil. The 
fundamental material shellac, mastic, turpentine, colophony or dammar is 
dissolved in one of the above volatile substances. Dammar varnish is a solution 
of this resin in boiling turpentine oil; the addition of linseed oil renders the 
product less brittle whereas if copal is mixed with the dammar the varnish 
will be harder. Gold lacquer, or gold varnish is a turpentine oil varnish made 
of mastic, sandarac and colophony with some colouring stuff such as picric 
acid, and, as a rule, a small addition of linseed oil varnish and copal lacquer. 

The alcoholic varnishes dry very quickly and leave a very shiny surface; 
they very easily crack if not mixed with a little mastic, elemi, &c. 

For further particulars see under “Lac”, “Asphalt lac” and “Linseed 
OIL varnishes”. 

The following mixtures for varnishes have been found very satisfactory 
and can be safely recommended. 

1. Hard white spirit lacquer. 225 g of mastic, 225 g of sandarac and 
225 g of Venetian turpentine in 2.2 litres of methylated spirit dissolved with 
vigorous shaking to prevent coagulation of the resin. 

2. Light coloured spirit varnish. 450 g of sandarac and 34 g of Venetian 
turpentine in 2.2 litres of methylated spirit dissolved with vigorous 
shaking. 

3. Transparent varnish. 455 g of sandarac, 225 g of mastic and 115 g of 
dammar dissolved in 2.2 litres of methylated spirit with vigorous shaking. 

4. Mahogany varnish. 450 g of sandarac, 115 g of shellac, 225 g of 
colophony, 340 g of Venetian turpentine and 57 g of elemi resin in 4.5 litres 
of methylated spirit dissolved with continual shaking. If the varnish is too 
light 7 g of Bismarck brown should be added. 

5. I’rinter’s varnish. 1.2 kg of Venetian turpentine and 3 kg of pale 
shellac dissolved in 9 kg of methylated spirit. 

6. Ticket varnish. 1.5 kg Manilla copal, 400 g of Venetian turpentine 
and 400 g of gallipot. 

7. Picture varnish. 800 g of Venetian turpentine and 800 g of sandarac 
dissolved in 2.8 kg of methylated spirit. 

Vaseline. (Adeps mineralise Adeps peirolei.) This substance is an indifferent 
fat- or ointment-like transparent yellow, or (if purified) white product with 
only a faint smell, prepared from petroleum, principally in America in the 
rectification of petroleum. Compare “Petroleum"’. Light kinds of Pennsyl- 
vanian native oil are heated at a low temperature by injecting hot air till 
Ihe desired specific gravity 0.865 — 0.875 is reached, whereupon it is filtered 
over warmed animal charcoal to decolourize it. Another method of preparation 
'vhich is also used for German and Galician mineral oil is to refine the residues 
from illuminating oil, generally diluted with benzine, by repeated treatment 
^th H„S 04 . 

The decolourizing of the vaseline is carried out by means of the so-called 
decolourizing powder. Compare “Petroleum”. Artdicial vaseline is obtained 
l^y melting 1 part of ceresine with 4 parts of liquid paraffin. Compare “Cere- 
sinb’\ 

Blucher. 46 
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Vaseline oil. 


The melting point of vaseline varies according to the original product 
and method of preparation; it lies between 33° and 45 while the S. G. varies 
in the same way between 0.855 and 0.880. It is a mixture of solid and liquid 
hydrocarbons, used for making ointments, cosmetics and pomades, further 
as a protection against rust on metals, as a lubricant for macnines and wheels 
and in the manufacture of smokeless powder. 

A product is brought on the market under the name of vaseline oil which 
is a colourless odourless mineral oil employed as a dressing for the hair and as a 
lubricant for fine machinery. 

Vaseline oil see “Vaseline’'. 

Vasogene. Obtained from vaseline and ammonium oleate by a process of 
which the details are kept secret. 

Vats and vat dyestuffs. The most important vat dye is indigo; see the 
article on “Indigo dyes”. As indigo blue is completely insoluble it is con- 
verted by means of reducing agents into indigo white which is soluble in 
alkaline liquids; such a solution is known as the indigo vat or blue vat. 
Vat dyeing consists in dipping the fibres into the vat. Indigo white 
settles on and in the fibres and is readily reoxidized in the air to indigo- 
blue which is then insoluble and cannot be removed from the fibre. On account 
of the indigo white in this case turning through green into blue the process is 
also called the “greening” of the fibre. 

The indigo vats may be divided into cold vats and warm vats (fermenting 
tubs) ; the former are used for cotton and silk and the latter usually for wool. 

The cold vats may again be divided into the vitriol, zinc and sulphite vats. 
The vitriol vat is made from indigo, ferrous sulphate, and lime; the lime 
precipitates ferrous hydroxide from the iron vitriol and this reduces indigo 
to indigo white. In the zinc vat (zinc dust vat) the iron vitriol is replaced by 
zinc dust. The hydrosulphite vat has become especially important; in this 
sodium hydrosulphite, zinc hydrosulphite, lead hydrosulphite, calcium hydro- 
sulphite, &c., are employed for the reduction of the indigo. With regard 
to the preparation of hydrosulphites see article on “Hydrosulphites”. 
Many patents have been taken out on the subject of the hydrosulphite vat 
dyeing and the most important is that concerning the manufacture of stable 
hydrosulphites by means of formaldehyde. 

In the fermenting vats are to be distinguished woad vats, potash vats, 
soda vats, and urine vats. All fermenting vats depend on the principle that 
hydrogen is liberated by the fermentation of organic substances and this 
hydrogen reduces the indigo. The woad vat consists of a mixture of 
indigo, woad, bran, madder, and slaked lime ; the woad is itself a plant containing 
indigo; it is, however, no longer used alone for dyeing but merely for 
causing the fermentation. The mixture is allowed to ferment by standing from 
one to one and a half days at a temperature of 50 — 60®. The potash vat 
consists of madder, bran, potash, and indigo; the soda vat (German vat) 
consists of bran, indigo, soda, and slaked lime. The urine vat is a solution of 
indigo and madder in putrid urine with the addition of common salt. All 
fermenting operations are carried out at a temperature of 30 — 40® C; the 
above mentioned sulphite vat is also used in wool dyeing at this temperature. 

The hydrosulphite vat is at present the most important in indigo dyeing- 
Among the improvements may be mentioned that aiming at the preparation 
of a»cid indigo-white solutions. For instance Germ. Pat. 137884 describes 
a method for making the so-called boric acid vat, which is an alkaline solution 
of indigo white containing an excess of boric acid. According to Germ. 
144788 a deep indigo dye on cloth may be obtained by treating the fibres 



Vbobtaline, 


723 


■.u frAP indko white, and not in an alkaline vat (solution of indigo white in 
In order to prevent the precipitation of indigo white on acidifying the 
f drosulphite vat (which is advantageously carried out with sodium bisulphite), 
tarch gum, paste, dextrine, albumen, &c. are previously added to the vat. 
Germ. Pat. 15290?’ adds to the hydrosulphite vat (in the dyeing of wool with 
indigo) an ammonium salt (e. g. NH 4 CI) and a proteid (glue, albumen or caseine) 
by means of which an excess of fixed alkali is removed and the indigo-white 
Uept in a favourable state for the dyeing. 

According to Germ. Pat. 139567 indigo white and indigo vats may bo 
prepared electrolytically by electrolyzing indigo with or without a diaphragm 
in the presence of a warm solution of sulphite. If a diaphragm be used and 
the anode chamber contain H0SO4 the indigo white is said to be obtained 
in a stable transportable form. (Term. Pat. 153577 for the preparation of 
leuco-indigo is mentioned in article on “Indtgo dyes”. 

According to Germ. Pat. 165429 indigo and its homologues may be converted 
din ctly into leuco-derivatives by means of iron if solutions of caustic alkalies 
of at least 10° Be be used and heated to 70°. The u.se of iron is not only of 
advantage on account of its cheapness but also because it docs not dissolve in 
the vat and produces strong indigo white filtrates which can be used as such. 
Besides indigo indophenol is also used as a vat dye: this is also converted 
by reducing agents into indophenol white. The blue indojdienol is then re-preci- 
pitated on the fibre by means of strong oxidizing ag('nts. Besides the pure 
indophenol vats the mixed indigo -indophenol vats (in which a mixture of 
I part indophenol and 3 parts of indigo is employed) have recently been used 
with great advantage. 

The indanthrene dyes recently introduced into commerce are also made 
soluble in the form of vats and fixed in the vat dyeing. 

According to Germ. Pat. 146707 sulphur dyes can be dyed in the vat by 
converting the dyes in an alkaline vat into the leuco-substances which have a 
strong affinity for the fibres and can be brought on to the fibres at a low 
temperature. The oxidation of the leuco-compoimds begins at once as soon 
as the articles are taken out of the bath. The ordinary after-treatment with 
metallic salts or oxidizing agents can of course also be carried out here. 

Earthenware-vat for burning of!.: 

Westdeutscho Steinzeug-, Chamotte- und Dinaaworke G- m. b, H., Euskirchen, Rheinland 

(Germany) (aee front part advt? p: )i 

Vegetaline. The name given to a preparation of lactic acid used in taijning 
for removing lime, for plumping, &c. It is obtained according to Germ. Pat. 
104281 and 113385 from the drainage water from preserve manufacture 
(especially Sauerkraut -works) by direct evaporation. The amount of lactic 
acid present varies between 8.6 and 9.6 %. 

Venetian w4iite see “Lead colours”. 

Veratrine. A mixture of several bases obtained from Semen sabadillae. 
The seed is crushed and extracted several times with dilute hydrochloric 
acid. The extract is concentrated and the veratrine precipitated with Ca(OH)2. 
It is extracted from the precipitate with alcohol, the latter evaporated again 
and the alkaloid taken up from the residue with acetic acid. From the filtrate 
it is precipitated with NH3 or Na2C03, extracted with ether, the latter evapor- 
ated the residue again dissolved in acetic acid, the solution purified 
with animal charcoal and the purified veratrine finally precipitated in a hot 
Solution with NH3. As the minutest quantities of veratrine seriously affect 
the mucous membranes the greatest care is necessary during the preparation. 

White odourless powder, the dust of which produces violent sneezing ; very 
readily soluble in alcohol, chloroform, and ether. 


46 * 
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Vkbbena, on^ OF. 


Veratrine is a strong base ; medicinally it is probably now only used externally 
in the form of ointments, &c., internally hardly at all and very rarely in 
injections. It is a strong poison. 

Verbena, oil of. Volatile oil obtained in India and Arabia from Andropogon 
nardus by distillation with HjO. It is colourless, smells strongly of roses 
and is used in perfumery. 

Veronal = diethylmalonylurea. 

,CO— NH 

>co. 

c^h/ ^CO— nh 

White crystalline powder with a slightly bitter taste, M. P. 191 ^ C, readily 
soluble in ether, acetone, warm alcohol; it also dissolves in about 12 parts of 
boiling water. 

It is an excellent hypnotic, especially useful in treating cases of nervous 
insomnia and excitability; also used to soothe whooping-cough. Dose as 
hypnotic 0.5 — 0.75 to 1.0 g, best dissolved in warm tea. Dose for whooping- 
cough : 0.05 — 0. 1 g once or twice a day. 


Veronese green see “Mineral colours”. 
Veronese yellow see “Lead colours”. 

Vesipyrin = phenylester of acetylsalicylic acid: 

.0 . CO . CHg 

CeH/ 

^COO . CeHg. 


Good antirheumatic and bladder disinfectant. Single doses for adults 1 .0 g, 
or 2.0 — 5.0 g per day ; for children 0.5 g, twice or three times a day. 

Victoria lac see “Celluloid varnishes”. 


Vigorite see “Dynamite”. 

Vinegar. Essentially a dilute aqueous solution of acetic acid, obtained either 
by diluting acetic acid (see “Acetic acid”) or by the acid fermentation 
(oxidation) of alcoholic liquids. The material used in the manufacture of 
vinegar is wine, weak brandy (less than 10 % alcohol) beer and beet sugar. 
The micro-organism causing the acidification is called Mycoderma acett^ 

When the alcoholic liquids are left in barrels the formatioiL of vinegar is 
very slow, consequently this method has been largely replaced by a more 
rapid one. A large surface of the liquid is exposed to the action of the air. 
There are various ways of achieving this; air is blown into the liquid, or the 
liquid is made to run over wooden shavings, &c., drop down from flat to flat 
through the air, or is thrown through the air by paddles. Ozone (q. v.) la 
said also to be used with great advantage. 

For details see P. Hassack, “Gaerungs-essig” (Vienna 1904, A. Hart- 
LEBENS Verlag). 

Vinegar is used for cooking purposes, for making pickles, &c. 

See also Lenze, Chem.-Ztg. 1906, 1299. 

According to Germ. Pat. 179847 various salts may be added which have » 
nutritive value and prevent the growth of micro-organisms. Such salts are -- 
Ferrous sulphate (0.1 %) and sodium and potassium phosphate. 



ViNOPYRINE. 725 

Vinopyrine. A tartaric acid compound of p-phenetidine used in cases of 
headaches, &c. 


Viscolane. A new ointment-base prepared from the bark of the mistletoe. 

Viscose. A sodium salt of cellulose xanthate obtained by the action of 
carbon disulphide and alkali on cellulose. Cotton fibre is allowed to swell in 
alkalies or pine wood fragments are boiled with caustic soda lye under pressure ; 
ill both cases the resulting mash is treated with carbon disulphide. Steak 
prepares viscose by treating 100 parts of cellulose for 24 hours with a 17.7 % 
solution of NaOH, pressing out the excess of solution until only three times 
the weight of the original cellulose is left, allowing this to stand in a closed 
vessel for 48 hours, then adding 75 parts of carbon disulphide and stirring the 
mixture for 5 hours. The product so obtained is exposed to the air to allow 
the excess of CSg to evaporate, after which it is stirred with a solution of 
54 parts of NaOH in 300 parts of H^O till a solution is obtained. 

Viscose is soluble in water; solutions containing more than 1 % are gela- 
tinous. The jelly can be made into moulds; it gradually shrinks and solidifies 
to a horn-like insoluble substance. Viscose on being warmed in solution to 
60 -80° separates in a form insoluble in water. Viscose in thin sheets is used 
as a substitute for glass and celluloid, and also as a dressing and thickening 
substance. It also serves as a partial substitute for resin glue in the manu- 
facture of paper. All kinds of articles whicli are otherwise made of horn, ivory, 
celluloid, &c. can be formed from viscose. Viscose can also be easily acetylated 
and the solution of the acetate in chloroform can be used as a substitute 
for collodion. Viscose is an important material for the production of artificial 
silk. Compare “Silk”. A great number of patents protect processes for the 
manufacture of threads from alkaline solutions of viscose, among others the 
Amer. Pat. 716778, French Pats. 323473, 323474, 343515, Engl. Pat. 16604 
(1903), Germ. Pats. 152743 and 153817. The spinning is mostly carried out by 
passing the fluid jets issuing from the spinning pipes into a solution of an 
ammonium salt; a gelatinous viscose is first obtained, which afterwards 
becomes completely converted and hardened by heating in steam at 100° for 
1 hour. 

The purification of the raw product is of great importance for the manu- 
facture of viscose into artificial silk. The process protected by Germ. Pat. 133144 
is based on the fact that the salts of cellulose xanthate are not decomposed 
at ordinary temperatures by weak acids like acetic acid, lactic acid, formic 
acid, &c., while the by-products, alkaline salts of carbonic acid, thiocarbonic 
acid and sulphuretted hydrogen, produced by the action of CS 2 on NaOH 
can be removed by these acids. Alter treatment with the acids the cellulose 
xanthate is , precipitated by a dehydrating agent such as NaCl or alcolml, 
the leathery residue is washed with dilute NaCl solution or dilute alcohol 
and then beaten or pressed. The product, the technically pure viscose is 
neutral and without colour or smell. It is the hydrated sodium salt of cellulose 
xanthic acid and dissolves readily and completely in water. Amer. Pat. 763266 
employs sodium bicarbonate solution for the purification of viscose, bee 
Germ. Pat. 183623 and Amer. Pat. 849822, 849823 and 849870. 

Viscoid is a mixture of viscose with various other substances such as clay, 
powdered horn, zinc oxide, &c. Viscoid becomes as hard as ebony and can be 
turned and worked like this wood. • ± t 

For the details of a process for the production of homogeneous mixtures of 
viscose with caoutchouc see Germ. Pat. 138511. 


Vitriols. As a rule these are sulphates of heavy metals, e. g. : 
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ViVIANITE. 


Green vitriol = ferrous sulphate. White vitriol = zinc sulphate. 
Blue vitriol = copper sulphate. Mixed (Salzburg) vitriol == cupric ferrous 
sulphate. 

Vivianite see “Mineral colours'*. 

Volumetric analysis. See also “Alkalimetry". 

1. Titration with Potassium permanganate. When compounds are 
oxidized with KMn04 in presence of acids the permanganate is converted 
into the corresponding colourless manganese salt. As the KMn04 solution 
alters easily it is prepared empirically by dissolving 3 — 3.5 g KMn04 in 1 litre 
of HoO and the absolute amount of KMn04 in the solution determined with 
standard oxalic acid (see “Alkalimetry"). Free HNO3 or HCl must not 
be present when titrations with KMn04 are carried out. 

a) Oxalates. Render acid with H2SO4, titrate with KMn04 until solution 
is colourless; the reaction is given by the equation 

2 KMn04 + 5 C2H2O4 -f 3 H2SO4 
= K2SO4 + 2 MnS04 + 10 CO2 + 8 H2O, 

i. e. 5 mol. oxalic acid are equivalent to two mol. KMn04. 

b) Iron. A solution of ferrous suljphate is prepared by reducing ferric 
sulphate present by dipping a small zme rod into the liquid rcnder(*d acid 
with H2SO4; titrate with KMn04 till a faint permanent pink is 
produced: 

10 reS04 4- 2 KMn04 4- 8 H2SO4 
= 5 Fe2(S04)3 -b K2SO4 -f 2 MnS04 + 8 HgO; 

i. e. 1 mol. KMn04 is equivalent to 5 atoms Fe. 

c) Nitrous acid. Easily oxidized to HNO3 by KMn04, 2KMn04 — SHXOj, 
according to the equation: 

5 HNO2 + 2 KMn04 -f 3 H2SO4 
= 5 HNO3 + K2SO4 -f 2 MnS04 + 8 H2O. 

d) Manganese dioxide. Cl evolved from Mn02 and HCl is conducted 
into a measured vol. of titrated ferrous sulphate solution and the unchanged 
ferrous sulphate titrated with KMn04: 

2 FeS04 + MnOg + 2 H2SO4 = 1^62(804)3 + MnS04 + 2 

e) Hydrogen peroxide. The solution is rendered acid with H2SO4 before 
titration : 

5 H2O2 -b 2 KMn04 + 3 H2SO4 
= K2SO4 + 2 MnS04 + 10 0 -b 8 H2O. 

2. Titration with iodine. With sodium thiosulphate iodine is converted 
into sodium iodide and sodium tetrathionate : 

21 + Na2S203 = 2 Nal + Na2S406. 

A '/iqN standard thiosulphate solutionis necessary for titration; this is 
obtained by dissolving 24.8 kg crystallized Na2S203 (+ 5 HgO) in 1 litre ot 
water, the solution must be kept in the dark. Also an iodine solution is re- 
quired: 12.7 g I are dissolved in an aqueous solution of 25 g potassium iodide 
in 900 g H2O. 20ccm of the thiosulphate solution are mixed with a htue 
starch solution and then the iodine solution is run in until a permanent blue 
appears. The iodine solution is then diluted with the calculated amount 01 
HjO to make it equivalent to the thiosulphate solution. 
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As indicator a solution of starch or (with preference) of zinc iodide starch is 
used: 4g of starch^) are heated to boiling point with 20 g zinc chloride and 
100 g H2O, then 2 g zinc iodide are added, diluted to 1 litre and filtered. 

1 cem 1/10 N.-iodine solution = 0.0168 g NagSaGg. 

1 cem 7io N.-thiosulphate solution = 0.0127 g I. 

a) Chlorine and bromine. These are set free from their compounds 
and are then passed into K1 -solutions; the I liberated is titrated with thio- 
sulphate. 

1 cem N.-thiosulphate = 0.00355 g Cl = 0.008 g Br. 

b) Sulphurous acid. This must be titrated in very dilute solution with 
iodine solution; it is oxidized to H2SO4; 

SO2 + I2 f 2 H.O = H2SO4 + 2 HI. 

1 cem 1 /jqN. - standard-iodine solution = 0.0032 g SOg = 0.0041 g HoSOg. 

c) Sulphuretted hydrooen. This is best passed into iodine solution, 
forming sulphur and hydriodic acid (H^S + T., = S }- 2 HI); the iodine is 
titrated with thiosulphate solution. 

1 cem Yio N.-iodine solution = 0.0017 g H2S. 

d) Arsenious acid. The solution is rendered alkaline with sodium bi- 
carbonate and is then mixed with a measured excess of standard-iodine 
solution: H^AsOg + 2 I -f- H2O — H3ASO4 -f- 2 HI. The excess of I is back 
titrated with thiosulphate solution. 

1 cem Yio N.-iodine solution — 0.00495 g As-^Oa. 

c) Arsenic acid. It is reduced with 8O2, the excess of the latter removed, 
and the AS2O3 formed titrated as in d. 

1 cem Vio N.-iodinc solution = 0.00575 g AsgOg. 

f) Antimony oxide. This is oxidized with I like AsgOg. 

1 cem Vio N.-iodine solution = 0.0061 g Sb = 0.0073 g SbgOg. 

g) Stannous oxide. This is also oxidized like AS2O3. 

1 cem Vio N.-iodine solution = 0.0059 g Sn = 0.0067 g SnO. 

h) Hypochlorites. A weighed amount of the salt is dissolved in HgO, 
or bleaching powder, mixed with water, diluted to 1 litre, well stirred and a 
definite part of the liquid transferred to a beaker. Potassium iodide solution 
is added, then HCl and starch solution. The liberated I is then titrated with 
thiosulphate. The reaction is given by the following equation: 

CaOClg 4- 2 KI + 2 HCl = CaCla -f 2 KCl + HgO -f 2 I. 

1 cem Yio N.-thiosulphate solution = 0.002625 g HOCl = 0.00355 g Cl. 

i) Chloric acid. This is 
•f 3 H2O. 1?he Cl is passed 
titration effected with the thiosulphate solution. 

1 cem N/10 thiosulphate solution = 0.001408 g. 

3. Titration with silver nitrate. The standard solution contains 
169.55 g AgNOg per litre, though only Yio N.-standard solutions are used, 
prepared by dissolving 17 g AgNOg in HgO in 1 litre. The silver solution 
must be kept in the dark and its strength re determined for every experiment. 


*) According to the report of Lunge to the Intern. Analyt. Committee 
(Congress for Applied Chemistry, Berlin 1903) a reliable water-soluble starch is the 
ozone starch of Karl Conrad, Kyritz. When dissolving this starch it must be boiled 
^or some time ; it then keeps in lightly covered bottles for 3 — 4 weeks. In passing 
bom blue to colourless a violet shade is obtained. 


decomposed with HCl : HCIO3 -f 5 HCl = 3 Cl. 
into Kl-solution. starch solution is added, and 
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This is done with a Yio N.-sodium chloride solution containing 5.85 g JVaCl 
per 1 litre. The indicator is a solution of 1 part yellow potassium chromate 
(K2Cr04) in 20 parts HgO. 

It is used in titrating salts of hydrochloric acid, hydrobromic acid and 
hydriodic acid, after the solution has been mixed with a few drops of potassium 
chromate solution. When all the halogen is precipitated a permanent reddish 
colour due to Ag2Cr04 appears. The solution should he neutral. 

1 ccm N.-silvcr solution = 0.00355 g Cl = 0.008 g Br = 0.0127 g I. 

In the same way silver itself is determined, by mixing the neutral solution 
with a measured excess of Yio N.-standard sodium chloride solution : When 
all halogen is removed the excess is back titrated with silver solution. 

1 ccm ^/^Q^N.-standurd sodium chloride solution = 0.108 g Ag. 

4. Titration with ammonium thiocyanate. The molecular weight of 
CHS . NH4 is 76, so that the N. -solution should contain 7.6 g thiocyanate. 
It is, however, not sufficient to weigh the calculated amount of salt directly; 
about 8 g ammonium thiocyanate are dissolved in H2O to 1 litre, and the 
amount then determined with YiqN. - silver solution. It is then diluted witli the 
calculated amount of HoO. 

The indicator is a dilute aqueous solution of iron ammonia alum. When 
all Ag is separated as thiocyanate a blood-red colour due to the ferric thio- 
cyanate appears. 

Ammonium thiocyanate is used in titrating silver as well as halogens. The 
silver solution should contain much free HNO3 (but no NgOg). Hg and large 
quantities of Cu should not be present. 

1 ccm thiocyanate solution =- 0.0108 g Ag. 

For chlorine-, bromine- and iodine salts a known excess of Yio N.-silvcr 
solution is added with the addition of a few ccm of iron alum solution and 
acidification with HNO3. It is then titrated with the thiocyanate without 
filtering; a yellowish brown colour indicates the end of the reaction. 

In the same way solutions of cyanogen salts are titrated. In this case the 
AgCN precipitated must be filtered off, and the excess of silver back titrated 
in the filtrate. 

1 ccm N.-silver solution = 0.0052 g CN. 

5. Titration with uranium acetate (uranylacetate). The solutions 
used in this method to determine phosphoric acid are 1. sodium am- 
monium phosphate ( - NH4 . NaHP()4 + 4 H2O) solution; 14.718 g of the 
salt are dissolved in I litre. 2. Uranyl acetate ( — NO2 . [C2H302]2) solution. 
About 35 g are dissolved in 1 litre and adjusted to the sodium ammonium 
phosphate solution using potassium-ferro-cyanide solution as indicator. 
3. Ammonium acetate solution. 100 g NH4 . CgHgOg and 100 ccm acetic acid 
(S. G. 1.04) are dissolved in 1 litre HgO. For adjusting, 30 ccm of solution 2, 
are mixed with 10 ccm of solution 3, and 10 ccm HgO, the mixture is heated m 
a water bath, titration with solution 1 to follow until a drop put on a porcelain 
plate with potassium ferrocyanide solution produces a brown-red colour. 
The uranium solution is then diluted until equivalent to solution 1. 

1 ccm uranium solution = 0.005 g P2O5 = 0.0069 g H3PO4. 

When a phosphate solution is to be titrated, 40 ccm are used, containing 
not more than 0. 15 g P2O5 ; 10 ccm of the ammonium acetate solution are addea, 
titration following as above. 

6. Titration of sugar with Fbhling’s solution. Fbhlino's sol^i^ 
as a volumetric solution is not kept mixed. Two solutions are prepared. 
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1 uU 2 copper sulphate (CUSO4 + 5 HoO) are dissolved in 500 ccm of H^O. 
‘2 173 g potassium-sodium tartrate (KNaC4H408 + 4 HgO) and 50 g NaOH 
:e dissolved in 500 ccm of HgO. Immediately before use equal quantities of 
the solutions are mixed. 10 ccm of the mixture are heated with 50 ccm H2O 
in a porcelain dish and standardized with a solution of 0.0475 g pure cane sugar 
in 10 ccm H2O, inverted by warming with 1 ccm HCl to 70° C. The solution 
is diluted to 100 ccm and run into the boiling copper solution until the blue 
colour has entirely vanished. The concentration of the sugar solution should 
he such that it contains y2 — 1 % of grape sugar. 

10 ccm Fehling's solution = 0.05 g grape sugar — 0.0475 g cane sugar. 

For further details see “Indicators'' and “Alkalimetry". 

Vulcanized fibres. Produced by passing pure paper through zinc chloride 
solution, washing and drying. It is very strong and can only be torn with 
difficulty. In appearance it is like the fresh skin of an animal. It is used 
when great hardness and strength arc required, for instance for break blocks, 
small straps, rollers, boxes, &c. 

Besides paper, vegetable fibres of various kinds have also been used. 
Parchmenting is partly caused by H2SO4 instead of ZnClg. In all cases vul- 
canized fibre is produced under high pressure. 

There are various kinds of vulcanized fibre, the chief difference being in 
th(; hardness and flexibility. 

Vulcanizing see “Caoutchouc". 


w 

Waggon grease. Thick or semi-liquid axle lubricants can bo made either 
by hot or cold methods. As a rule however this class of article is made by 
heating oil of resin, paraffin oil or mineral oil residues, with a suitable addition 
of calcium hydroxide; the resin oil however must be in considerable excess of 
the other ingredients. The blue waggon greases are fatty substances in 
tlie natural state, the yellow are obtained by saponification with lye and an 
addition of palm oil. 

This article is rendered cheaper by adding heavy spar or light spar, graphite 
or talc to as much as 50 percent. The waggon grease made with these adulter- 
ations is quite suitable for old waggons with worn axles and holes, as this 
substances adheres better to the surface and is not so easily pressed out of 
the holes as the pure fat. For good waggons, however, only the superior pro- 
ducts should be used. These lubricants arc made from fats and oils alone. 

Walnut oir see Nut oil. 

Washing see “Chemical cleaning". 

Washing blue. A blue colouring matter which is added to washing or 
rinsing water to neutralize the yellow tint of cotton and linen goods. Blue is 
9 'lso added to dressing materials for the same purpose. Different kinds of 
^^louring matters are used for this purpose, among which are ultramarine, 
Berlin blue, indigo carmine, aniline blue and smalt. Washing blue also usually 
contains starch, clay, gypsum, chalk, glycerine and others substances. 

Washing powder. Usually consists of powdered Na2C03 and about 5 % 
soap. Sometimes small quantities (less than 1 %) of turpentine and sal 
8-mmoniac are added. 
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Waste fats see “Fats and oils”. 
Water. H^O. 


Requisite conditions for drinking water. 

According to F. Fischer good drinking water should have the following 
qualities. 

1. It must be clear, colourless and without smell. 

2. The temperature at different seasons should only vary between 6 and 
120 C. 

3. It should contain but little organic matter and absolutely no organisms 
causing putrefaction. 

4. It should contain no ammonia, no nitric acid and no large quantities of 
nitrates, sulphates or chlorides. 

5. It should not be too hard, that is it should contain no large amount 
of magnesium salts. 

WoLFFHUEGEL givcs the following desiderata^ from a hygienic stand point, 
for a good drinking water. 

“The water must above all be absolutely free from toxic or infectious bodies. 
It should be clear and colourless, have a good taste and have no smell. The 
temperature should be refreshing and should be subject to no great variations 
in the course of the year. Organic substances should if possible be absent. 
The quantity of substances in solution should be within narrow limits, the 
organic contents should be as low as possible as also the contents of chlorides, 
sulphates and nitrates. It must be free from sulphuretted hydrogen. Under' 
ground water should show no signs whatever of ammonia and nitric; acid. 
The hardness of the water should not exceed 18 German degrees and should 
contain neither magnesium salt nor gypsum in any appreciable quantity. 

Desirable conditions of water for industrial purposes. 

The demands made by the different branches of industry as to tlie water 
they require are of very varied natures. In general good drinking water is 
suitable for factory use, still there are certain differences which have to be 
considered. For instances certain substances which do not affect the water 
for household use, render it useless for some trade purposes ; on the other liand 
certain substances which render water disagreeable to drink may be advan- 
tageous for some factories. 

1. Water for Steam Boilers. 

The water for this purpo.se should be as soft as possible, that is it should 
contain little chalk and in particular very little magnesia, to prevent formation 
of boiler crust. Should the water at hand therefore be hard it should be 
purified before being put into the boiler. Compare “Water purification . 

It is important tnat water for boilers should be free from rust-forming 
ingredients, which destroy the metal. Waters containing large quanties oi 
oxygen and uncombinined or half combined carbonic acid form rust. Waters 
containing sulphuretted hydrogen or large quantities of ammonium salts are 
also harmful and should be avoided. Further the formation of rust is favoured 
by compounds containing chlorides. Of these magnesium chloride is especial y 
dangerous. Condenser water containing oil is also unfit for feeding as there 
is a danger that under certain circumstances a ferro -calcium soap may 
in the boiler, which spreading in a thin layer over the sides, prevents the wa e 
from reaching the metal and thus causes the sides of the boiler to wear ou^ 
very quickly. Condenser water containing oil is, however, rendered harmir 
if the boiler is greased over with miner«3 oil. 
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Density and volume of water at — 10° to + 100®. 
According to Rosetti, taking 0® and 4® as units. 


t 

Density 
at 0“ = 1 

Volume 
at 4“ = 1 

Density 
at 4“ = 1 

Volume 
at 4“ = 1 

— 10“ 

0.998274 

1.001729 

0.998145 

1.001868 

— 9“ 

0.998556 

1.001449 

0.998427 

1.001575 

— 8“ 

0.998814 

1.001191 

0.998685 

1.001317 

— 7“ 

0.999040 

1.000963 

0.998911 

1.001089 

— 6“ 

0.999247 

1.000756 

0.999118 

1.000883 

— 6“ 

0.999428 

1.000573 

0.999298 

1.000702 

— 4“ 

0.999584 

1.000416 

0.999455 

1.000545 

— 3“ 

0.999719 

1.000281 

0.999590 

1.000410 

— 2“ 

0.999832 

1.000168 

0.999703 

1.000297 

— 1“ 

0.999026 

1.000074 

0.999797 

1.000203 

0“ 

1.000000 

1.000000 

0.999871 

1.000129 

+ 

1.000057 

0.999943 

0.999928 

1.000072 

+ 2“ 

1.000098 

0.999902 

0.999969 

1.000031 

-f 3® 

1.000120 

0.999880 

0.999991 

1.000009 

4- 4“ 

1.000120 

0.999871 

1.000000 

1.000000 

5“ 

1.000119 

0.999881 

0.999990 

1.000010 

+ ()® 

1.000099 

0.999901 

0.999970 

1.000030 

4 - 7“ 

1.000062 

0.999938 

0.999933 

1.000067 

-f 8“ 

1.000015 

0.999985 

0.999886 

1.000114 

+ 9“ 

0.999953 

1.000047 

0.999824 

1.000176 

+ 10“ 

0.999876 

1.000124 

0.999747 

1 .000253 

+ 11“ 

0.999784 

1.000216 

0.999655 

1.000345 

4- 12“ 

0.999678 

1.000322 

0.999549 

1.000451 

4 - 13“ 

0.999559 

1.000441 

0.999430 

1.000670 

+ 14“ 

0.999429 

1.000572 

0.999299 

1.000701 

+ 16“ 

0.999289 

1.000712 

0.999160 

1.000841 

+ 16“ 

0.999131 

1.000870 

0.999002 

1.000999 

+ 17“ 

0.998970 

1.001031 

0.998841 

1.001160 

4- 18“ 

0.998782 

1.001219 

0.998654 

1.001348 

+ 19“ 

0.998688 

1.001413 

0.998460 

1.001542 

4 - 20“ 

0.998388 

1.001615 

0.998259 

1.001744 

+ 21“ 

0.998176 

1.001828 

0.998047 

1.001957 

4- 22“ 

0.997956 

1.002048 

0.997828 

1.002177 

4- 23“ 

0.997730 

1.002276 

0.997601 

1.002405 

4 - 24“ 

0.997496 

1.002511 

0.997367 

1.002641 

4- 25“ 

0.997249 

1.002759 

0.997120 

1.00288S 

4- 26“ 

0.996994 

1.002014 

0.996860 

1.003144 

4-27“ 

0.996732 

1.003278 

0.996603 

1.003408 

4- 28“ 

0.996460 

1.003553 

0.996331 

1.003682 

4- 29“ 

0.996179 

1.003835 

0.996051 

1.003965 

4- 30“ 

0.99689 

1.00412 

0.99577 

1.00425 

4- 31“ 

0.99560 

1.00442 

0.99547 

1.00455 

4- 32“ 

0.99530 

1.00473 

0.99617 

1.00486 

4- 33“ 

0.99498 

1.00505 

0.99486 

1.00518 

4- 34“ 

0.99465 

1.00538 

0.99452 

1.00551 

4- 36“ 

0.99431 

1.00572 

0.99418 

1.00686 

4- 36“ 

0.99396 

1.00608 

0.99383 

1.00021 

4- 37“ 

0.99360 

1.00645 

0.99347 

1.00667 

4- 38“ 

0.99323 

1.00682 

0.99310 

1.00694 

4- 39“ 

0.99286 

1.00719 

0.99273 

1.00732 

4- 40“ 

0.99248 

1.00767 

0.99236 

1.00770 

4- 41“ 

0.99210 

1.00796 

0.99197 

1.00809 

4- 42® 

0.99171 

1 1.00836 

0.99158 

1.00849 
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t 

Density 
at 0° = 1 

+ 43° 

0.99131 

+ 44° 

0.99091 

-4- 46° 

0.99050 

-f 46° 

0.99009 

-f 47° 

0.98967 

-f 48° 

0.98923 

+ 49° 

0.98878 

-f 60° 

0.98832 

+ 61° 

0.98785 

4- 62° 

0.98737 


0.98689 

+ 64° 

0.98642 


0.98594 

-f 56° 

0.98547 

+ 67° 

0.98499 

+ 58° 

0.98450 

+ 59° 

0.98401 

4- 60° 

0.98350 


0.98299 

-f 62° 

0.98247 

+ 63° 

0.98194 

+ 64° 

0.98140 

-f 65° 

0.98086 

+ 66° 

0.98032 

+ 67° 

0.97977 

4- 68° 

0.97921 

+ 69° 

0.97804 

4- 70° 

0.97807 

4- 71° 

0.97749 

+ 72° 

0.97690 

+ 73° 

0.97631 

4- 74° 

0.97571 

4- 75°. 

0.97511 

+ 76° 

0.97450 

4- 77° 

0.97389 

4- 78° 

0.97328 

+ 79° 

0.97267 

-f 80° 

0.97206 

+ 81° 

0.97145 

4- 82“ 

0.97083 

4- 83° 

0.97020 

-f 84° 

0.96956 

4- 85° 

0.96892 

-f 86° 

0.96828 

4- 87° 

0.96764 

4- 88° 

0.96699 

+ 89° 

0.96634 

+ 90° 

0.96568 

4- 91° 

0.96502 


0.96435 

4- 93° 

0.96368 

4- 94° 

0.96300 

-f 96° 

0.96231 

+ 96° 

0.96161 

+ 97° 

0.96091 

+ 98° 

0.96020 

4- 99° 

0.95949 


1 0.96879 


Volume 
at 0° = 1 

Density 
at 4° = 1 

1.00876 

0.99118 

1.00917 

0.99078 

1.00958 

0.99037 

l.OlOOl 

0.98996 

1.01044 

0.98954 

1.01088 

0.98910 

1.01134 

0.98865 

1.01182 

0.98819 

1.01230 

0.98772 

1.01279 

0.98725 

1.01328 

0.98677 

1.01377 

0.98629 

1.01426 

0.98581 

1.01476 

0.98534 

1.01.624 

0.98486 

1.01574 

0.98437 

1.01626 

0.98388 

1.01678 

0.98338 

».01731 

0.98286 

1.01785 

0.98234 

1.01839 

0.98182 

1.01896 

0.98128 

1.01951 

0.98074 

1.02008 

0.98019 

1.02065 

0.97964 

1.02124 

0.97908 

1.02183 

0.97851 

1.02243 

0.97794 

1.02303 

0.97736 

1.02366 

0.97677 

1.02427 

0.97618 

1.02490 

0.97658 

1.02553 

0.97498 

1.02617 

0.97438 

1.02681 

0.97377 

1.02745 

0.97316 

1.02809 

0.97265 

1.02874 

0.97194 

1.02939 

0.97132 

1.03005 

0.97070 

1.03072 

0.97007 

1.03139 

0.96943 

1.03207 

0.96879 

1.03276 

0.96816 

1.03346 

0.96761 

1.03414 

0.96687 

1.03484 

0.96622 

1.03554 

0.96556 

1.03626 

0.96490 

1.03697 

0.96423 

1.03770 

0.96366 

1.03844 

0.96288 

1.03918 

0.96219 

1.03993 

0.96149 

1.04069 

0.96079 

1.04146 

0.96008 

1.04222 

0.96937 

1.04299 

0.95866 


Volume 
at 4® = 1 


1.00889 

1.00929 

1.00971 

1.01014 

1.01057 

1.01101 

1.01148 

0.01195 

1.0124:1 

1.01292 

1.0i:i41 

1.01390 

1.01439 

1.01488 

1.01537 

1.01587 

1.01038 

1.01691 

1.01744 

1.01798 

1.01852 

1.01908 

1.01964 

1.02021 

1.02078 

1.02137 

1.02196 

1.02256 

1.02316 

1.02378 

1.02440 

1.02503 

1.02566 

1.02630 

1.02694 

1.02758 

1.02822 

1.02887 

1.02952 

1.03018 

1.03085 

1.03153 

1.03221 

1.03289 

1.03358 

1.03427 

1.03497 

1,03567 

1.03638 

1.03710 

1.03782 

1.03856 

1.03931 

1.04006 

1.04082 

1.04158 

1.04235 

1.04312 
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Soap solution necessary for 100 ccm water with different degrees 
OF HARDNESS. 


Amount of 
soap 

solution used 

Hardness in 
German 
degrees 

1 ccm solution 
equals degrees 
of hardness 

Amount of 
soap 

solution used 

Hardness 
in German 
degrees 

1 ccm solution 
equals degrees 
of hardness 

3.4 

0.6 

_ 

26.2 

6.6 

0.277 

6.4 

1.0 

0.25 

28.0 

7.0 

0.277 

7.4 

1.6 

0.25 

29.8 

7.5 

0.277 

9.4 

2.0 

0.26 

31.6 

8.0 

0.277 

11.3 

2.5 

0.26 

33.3 

1 8.6 

i 0.294 

13.2 

3.0 

0.26 

36.0 

9.0 

0.294 

15.1 

3.5 

0.26 

36.7 

9.6 

0.294 

17.0 

4.0 

0.26 

38.4 

10.0 

0.294 

18.9 

4.6 

0.26 

40.1 

0.6 

0.294 

20.8 

5.0 

0.26 

41.8 

11.0 

0.294 

22. C 

5.6 

0.277 

43.3 

11.5 

0.31 

24.4 

6.0 

0.277 

45.0 

12.0 

0.31 


2. Water for dyeing, printing and bleaching works. 

The water must bo clear and colourless; iron has a very deleterious action. 
Hard water should also be avoided. Hard water is, however, advantageous 
for the process of spinning raw silk. For successful work with certain colouring 
iTiatters, such as Turkey red, madder, alizarine, madder purple and others a 
certain amount of lime in the water is decidedly favourable. 

3. Water for breweries. 

The water should contain little organic matter, but above all no organisms 
causing fermentation. Water for brewing should be good drinking water and 
fulfil the conditions given by Fischer as desirable for that purpose. Soft water 
IS better than hard. Water containing much iron is not to be recommended. 

4. Water for distilleries. 

The water should on the whole have the same qualities as for breweries. 
It should be soft, free from organic matter and organisms. A large amount 
of common salt is unfavourable for the germinating process, but the presence 
of magnesium chloride is still more unfavourable. 

5. Water for sugar factories. 

The most harmful components in water for this purpose are nitrates, for 
they prevent from crystallizing six times the usual amount of sugar. Sul- 
phates and the carbonates of alkaline earths are also unfavourable in this 
respect. A large amount of salt in the water is also to be avoided, for it 
decreases the value of the sugar by raising the amount of ash. Decomjiosing 
matter should be carefully avoided as under certain conditions it causes de- 
composition of the sugar. 

6. Water for starch factories. 

For this purpose a very pure, colourless and clear water is necessary. It 
should contain very little organic matter and few micro-organisms, especially 
such as cause fermentation. Carbonates of the alkaline earths are harmful 
as they increase the amount of ash. Clay makes the starch grey and iron 
yellow. On the other hand it is said that a certain small quantity of sodium 
chloride in the water is favourable for the manufacture of starch. 
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7. Water for paper factories. 

Hard water is not suitable and water containing iron must on all accounts 
be avoided. Water with much organic matter as well as water with many 
micro-organisms tends to promote the growth of moulds in the paper. 

8. Water for tanning. 

The water should contain no great amount of organic matter as this causes 
decay of the leather. In summer the leather may even rot if the water is not 
pure in this respect. 

The leather should be swelled in water that contains magnesium sulphate 
and in the second place calcium sulphate. Carbonic acid in solution has also 
a favourable effect. 

Iron is not only of no detrimental effect, but is even often added for tanning 
purpose to give the “cut” of the leather a dark colour. 

Water colours. The colours employed for water colour painting consist 
of finely powdered pigments, which are mixed, according to quality, with 
gum, dextrine, tragacanth, glue, glycerine or i.singlass. Moist colours are also 
mixed with the juice of potatoes. Very fine glossy paints probably also contain 
a slight addition of wax, mastic, and Copaiva balsam. Besides the paints 
sold in dry cakes, water colours are also made to keep in a damp stat(‘, this 
variety is termed Moist colours. Moist colours are sold in two forms. One 
kind is very thick, of the con.sistency of dough, sold in rectangular stone-ware 
pots; the other kinds, sold in tubes like oil colours, have a jelly-like consistency. 

With regard to the pigments used for the manufacture of water colours, 
it may be said that as a general rule tlu^y arc the same as those used for oil 
paints. A preference however is usually given to transparent colours for 
ordinary water colour painting, although a branch of this art, gouache painting, 
is done in opaque colours. ^ 

The most durable water colours are made from mineral pigments. Compare 
“Mineral colours”. Artificial mineral colours are as a general rule less 
durable. Vegetable and animal colours give paints which are remarkable 
for brilliancy and transparency, but none of them bear exposure for a lengtiiy 
period of time. Coal-tar colours are very seldom used in the manufacture of 
water colour paints. The prices of these paints vary very much, according 
to quality. Good artists’ colours cost as a rule 5—6 pence for a small tube. 
This holds good however only for ordinary colours, rare paints such as madder 
lac, carmine, brilliant blue, ultramarine and others are dearer, the prices 
varying between 9 pence and 1/6. 

Water gas. This is a gas mixture obtained by passing steam over red hot coal. 
It consists theoretically of 50 per cent by volume of hydrogen and 50 percim 
by volume of carbon monoxide. Its formation corresponds to ,the 
C -f- HgO = CO + Hg. In reality water gas contains on an average d— ,o 
CO 2 and less CO. Nitrogen and sulphuretted hydrogen are also ^ 

The manufacture of water gas is carried out in generators contaming 
or anthracite. One part of the material is burnt, thus heating the rest 0 
carbon to the necessary temperature (1000—1200°) for the 
the steam is then admitted. Two generators are placed side by side, 
in the one water gas is being produced by conduction over 
the contents of the other are heated by hot air. When the coals ^ ^ ® . j 
generator have cooled to below 1000° and those in the second are 
to above this temperature, the process is reversed, air being 
the first and steam into the second. In this way the work can be 
till the coal in the generators is exhausted; indeed with a suitable 
for charging the generators, the work can be carried on without mtennis 
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Care must be taken in practice, that the above-named worthless and 
harmful impurities bear only a minute proportion to the principal com- 
paenta. Above all the carbon dioxide should be prevented from being 
m excess for which reason the temperature during the process must bo kept 
very high. The lower the ternperature the more CO^ is formed accordiilg 
to the equation C -f 2 HgO — COg + 2 Hg. According to Germ. Pat. 153840 
the yield of water gas is much improved by placing several layers of coals 
heated by hot air with layers at a lower temperature. This causes the steam 
and the gas to pass through layers of higher and lower temperatures in such 
a way, that before the gas leaves the generator a layer of the highest tem- 
perature has to be gone through. By this arrangement a gas is said to be 
produced which is noli in CO and contains very little carbon dioxide 
Water gas is purified as a rule by ferrous o.xide, but this only removes the 
morgamc ally combined sulphur. To acertain extent also, the gas is also charged 
wth iron-carbomc-oxide compounds, which are objectionable when the las 
13 used for lighting purposes. To remedy this a method of purifying water las 
IS prMected by Germ. Pat. 159136. The gas freed from CO; is conduct 
in a heated condition through hot or glowing oxides hvdmvivf a /. k * 

:;d*£ s'a si™!?' 

used- if coals, such as anthracite and coke could be 

gas cak be carbmetted Th'p . the water 

wifh tL carburetted. The oarburetting is carried out by loading the eas 

antr> '^®'P°ur3 of benzene or the residues from petroleum The method^of 

are fUlZwith ooX and^th flowing gas retorts which 

OAs” wr+„ • ^ ? directly mixed with coal gas. Compare “Coal 

'rhich is comifrmore"Xt7 material 

at ‘If'^dvantage. It has absolutely no smeU, but 

la^e proportC of STmo“'’ 

“woaptam aubstances such as ethyl 

to apI!S,f,fi|’ mixed gM, semi- water gas are the names given 

simultaneously ovL^id h^t ’■ P™'*’*,®®'* hy passing air and steam 

to it in heatfn» ^ red hot coals. It is cheaper than water gas, but is inferior 
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“Glass". For this reason water glass is naturally very easy to melt, and 
dissolves readily in hot water. 

Sodium silicate, which in its composition varies between NagO . 4 SiO 
and NagO . 2 SiOg, is the most important modification. It is obtained by 
fusing 45 parts of powdered quartz with 23 parts of calcined soda and 6 parts of 
charcoal in a furnace, or in a glass maker^s crucible. The melted substance is 
cooled, broken up, powdered and treated with hot water. The result is usually 
tinged with green owing to the presence of Fe. Water glass in solution is 
also made by digesting infusorial earth or amorphous or precipitated silica 
with strong caustic soda lye. 

Potassium silicate is obtained by fusing 45 parts of quartz sand, 30 parts 
of potash and 25 parts of carbon. Besides these, there are two other kinds of 
water glass, which are combinations of these, and which are known under 
the names of double water glass and fixative water glass. The latter is a 
saturated potassium water glass with SiOg, to which is added a certain quantity 
of sodium water glass containing a very high percentage of alkali. 

French Pat. 325164 aims at an improvement in the manufacture of this 
article. A mixture of silica and the sulphates or carbonates of the alkalies 
is heated with addition of carbonaceous substances in an electric resistance 
furnace. An alkaline chloride can also be added to the mixture of silica, 
alkali sulphates and carbon, and then heated in a furnace. 

The various solutions of water glass are decomposed by COg with separation 
of SiOg. Potassium water glass dissolves readily in HgO. Potassium water 
glass powdered and mixed with water swells into a jelly and hardens in 2 to 
3 days to a strong glass-like mass. It is used as an adhesive under water. It 
also serves for impregnating sandstone, for the manufacture of artificial stones, 
for fireproofing, and as a weighting material in the soap industry, &c. Water 
glass is also a useful article in dyeing, textile printing, paper making and in 
stereochromy. 

Water glass: 

Willy Manger, Dresden, Germany. 

Waterproofing of textiles. There are many different methods in use for this 
purpose, which may be broadly classed in the following five groups. 

A. A thin, coloured syrupy paste is spread in several layers over the material ; 
the paste consisting of half raw and half boiled linseed oil, mixed with mineral 
colouring matter. The material must be dried between the application. The 
process takes place with simultaneous addition of siccatives, resin in ben- 
zoline, &c. 

B. The materials are put through a dilute solution of paraffin in benzine. 

Dilute solutions of tars and fats in benzine are also used in the same way for 
impregnating goods. . 

C. The materials are treated with glue or gelatine, and afterwards with 
tannin, or they are impregnated with chromegelatine, which is rendered in- 
soluble by exposure of the material to the light. 

D. The materials are soaked in fatty solutions of soap, metallic mordants 
and metallic soap are then formed on the material, thus rendering itwaterprooi, 
Acetate of alumina is used as a mordant, and fat, resin and wax should be 
mixed in the soap and water. 

E. The materials are impregnated with solutions of cautchouc. 

Space does not permit mention of the details of the methods of 

proofing, nor of the numerous patents which deal with this subject. 
words, however, may be added on the most recent patented methods. According 
to ^nn. Pat. 137216, caoutchouc, guttapercha, balata, or the residues 
regenerated products of these substances are mixed with soaps m^e ir® 
elaidized or non-elaidized fats or sebacic acids, which are insoluble m wate . 
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These form plastic substances which wear well and are suitable for water- 
proofing pd impregnating textiles, paper, &c., as well as for making leather 
cloth, imitation leather, wall papers, floor covers and so on. The following 
materials can also bo added to different mixtures of this kind, cellulose, viscose 
celluloid, oils, fats, resins, glycerine, fibrous materials of all kinds, albuminous 
bodies, colouring matters and metallic salts, &c. Germ. Pat. 141411 protects 
a method for waterproofing materials without destroying their porous nature. 
The material is steeped in a solution of aluminium acetate, dried and then 
again put in a solution of wool fat, or lanolino, dissolved in a volatile solvent. 
Sugar of lead in solution can also with advantage be added to the aluminium 
acetate. 

The method protected by Germ. Pat. 147029 is characterized by the treat- 
ment of the materials or articles with a dressing of roots of the Amorpho- 
phalli, more especially of the genus Conophallus; and of such other bodies 
of which the solutions are suitable for forming waterproof elastic coatings, 
such as caoutchouc, caoutchouc lac and the like. The two groups of mixtures 
can be applied either simultaneously or one after the other. The light, cheap 
amorphophallous mixture makes the material air tight and does not mildew, 
while the caoutchouc renders it waterproof. * 

According to Germ. Pat. 165201 the goods are mordanted in the usual way 
and then treated in a boiling solution of resin soap. One side is then treated 
with wax -like materials and the other side with an adhesive, e. g. para gum. 

According to Germ. Pat. 166350 the material is treated with a hot emulsion 
of ammonium salts of fatty or resin acids insoluble in water, and fats, waxes 
and solid hydrocarbons, and then after splitting off the ammonia from the salts, 
dried and finally ironed or calendered. 

Suppl. Germ. Pat. 179698 combines this proeess with the dyeing of the 
vegetable textile fibres. 

The following account of the manufacture of waterproof textiles is taken 
from an article by S. Eisenstein, Allg. Chem.-Ztg. 1005, p. 507. Cloth 
materials are soaked in a tub containing aluminium acetate of 5®Bd for 
twelve hours, taken out, dried, and finally aired at a temperature of 60 — 65° C. 
Carriage aprons, sails, tarpaulins &c. are saturated with a 7 % solution of 
gelatine at 40° C, dried, in the open air, then put through a 4 % solution of 
alum, again air dried, rinsed and finally once more dried. 

Cotton, linen, jute and hemp textiles are first treated in a bath of ammo- 
niacal copper oxide of 10° Be at a temperature of 25° C, till they are quite 
saturated, they are than put into a solution of caustic soda of 2° Be and 
finally dried. A solution of aluminium sulphate may with advantage be 
employed instead of caustic soda as this renders the material still more im- 
pervious to water. 

White and light coloured textiles are first put through a bath (4 — 5° B6) 
aluminium acetate at a temperature of 40° C. The material is then freed 
from the exefess of liquid by being passed through a wringer, after which it is 
washed in a solution of 5 kg of good Marseilles soap in 100 kg of soft water. 
The materials are then drawn through a 2 % solution of alum, dried for 2 to 
3 days on frames, after which the soap particles left unabsorbed are removed 
by brushing machines. Another method for cotton materials is the following : 
1.5 kg of gelatine are dissolved in 60 litres of boiling water, to which is added 
1-5 kg of grated tallow soap and 2.6 kg of alum. The bath is then cooled 
down to 60° C, when the cotton textiles are put through, dried and calandered. 

Cellulose materials are rendered waterproof by impregnating with a warm 
solution of 1 kg of gelatine, 1 kg of glycerine and 1 kg of tannin in 12 kg of 
wood vinegar (12° B6). 

Linen, hemp, jute, cotton and other materials can be rendered waterproof 
^nd at the same time free from odour by impregnating with the following 
BlUcher. 47 
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compound, and then putting several times through a brushing maclune. 
This latter process dries the material by brushing, makes the texture visible 
smoothes the fibres and gives a special gloss. The materials made of-naturai 
and dyed cotton by the usual methods, are passed through the bath of water- 
proof dressing, which is made of 30 kg of Japan wax, 22.5 kg of paraffin 
15 kg of resin soap, 35 kg of starch and 5 kg of a 5 % solution of alum. The 
first mentioned components are melted in a boiler, then the starch is added 
and finally the alum and the whole well stirred up together. It is asserted 
that materials treated in this way do not lose their colour, do not stain otlier 
fabrics (i. e. do not “bleed”), are perfectly water proof and have absolutely 
no smell. An excellent substance for renewing waterproof textiles, consists 
of a solution of 0,5 kg of gelatine and 0,1 kg of potassium bichromate, or 
chrome alum and 0.1 kg of acetic acid. The latter being added to prevent 
the solution of glue from becoming gelatinized. The above nanuxl substances 
must be dissolved in 3 — 5 kg of water, and to this is added 0,5 kg of ammoniacal 
copper oxide (10® B6). These preparations are simply brushed on to the 
materials and allowed to dry in the air. 

Water, Purification of. A distinction must be made between the imTliods 
suitable for the purification of water for household use, and those which servo 
for the purification and improvement of water on a large scale. Also tho 
methods of purifying water to be used for human consumption differ from 
those used for water for industrial purposes. 

A. Purification of Drinking water. 

Filtration is of great importance as a method of purifying drinking water. 
House filters are all made on the principhi of driving the water by pressure 
through some porous material which retains the substances in suspension. 
Among these mention may be made of tho carbon filters containing bone 
charcoal, Breyer’s micromembrane filters containing asbestos, Piefke’s 
asbestos cellulose filters as described below, Chamberland’s filter with burnt 
porcelain earth and Berkefeld-Nordtivteyer's filtering candles of calcined 
infusorialcarth, &c. All these filters give satisfaction, however, only for a time; 
sooner or later they become choked up, or they allow of the jiassage of micro- 
organisms and have to be cleaned. Central water filtration is carried out by 
sand filters, sometimes open and sometimes covered; the covered method in 
which the above-menhoned Pibfke filters are used is preferable. 

In the case of sand filtration, a filter is formed of different layers of sand 
1.6 to 6 metros deep. This method was first used in England, and was first 
introduced into Germany at tho end of the first half of the last century. 
According to Kroeiinke the filtering substance is so constructed that from 
the bottom of the flat masonry reservoirs to the top there is a scries of graduated 
layers, the lowest consisting of stones the size of the fist while above arc othtTS 
becoming gradually smaller until at the top there is fine-grained sand. The 
heaviest stones lie at the bottom ; each layer serves to support tho one above 
it, thus entirely preventing any danger of the upper layers collapsing. The 
depth of the single layers differs considerably in different cases, v. Esmarch 
gives the following average depths for the single layers of a sand filter. 


1. Stones 60 — 200 mm diameter 250 cm depth. 

2. Coarse gravel 30 — 60 mm round 160 “ 

3. Medium gravel 2 — 30 mm round 120 “ 

4. Fine gravel 10 — 20 mm round 8 “ ‘‘ 

5. Coarse sand 3 — 4 mm round 6 “ 

6. Fine sharp sand, 0.6 — 1.0 mm round . . 60 — 160 “ 
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All the material should be carefully sifted so that the size of the single 
stones or grains are of equal size. The material m\ist be perfectly pure, that 
is free from organic matter, and must also bo well washed before being put 
in the reservoir. The upper layer alone can be regarded as the filter proper, 
therefore the absolute purity increases in proportion to its depth. 

The filter is first filled the reverse way by letting in the water at the bottom 
and continuing until the water stands 1 metre above the top layer of sand. 
After 24 hours water is then allowed to enter from above and the out-flow 
opened. The filter is not quite efficient for some time after its construction — 
not until a thin deposit of the finest particles is formed on the surface of the 
coarser particles. 

This layer gradually increases in thickness and thus very gradually stops 
up the filter, when it must be regenerated by renewing the top layer. 

Sand filters were for a long time considered the best arrangements for central 
water purification. They were, however, in no way perfect. Indeed it is 
proved that under certain circumstances pathogenic bacteria can also pass 
through the filter. If properly regulated, it is true, this can very rarely 
happen, but on the other hand the danger increases that the water, passing 
too rapidly through the filter, exceeds the prescribed limits of 125 mm per 
hour. The rate of movement of the water in the filter should not be greater 
than 125 mm an hour = 3 m a day, 3 cbm of water a day require a filtering 
surface of 1 sqm. Still greater is the danger when the contents of the sand 
filter freezes, which often happens during the winter months, causing cracks 
and openings in the sand layer, through which impurities can easily pass. 

Undoubtedly the fine asbestos cellulose filters of the new type introduced 
by PiEFKE possess great advantages over the sand filters. In these filters 
the filling material is composed of a preparation of a very fine -fibred mixture 
of asbestos and cellulose, of which even a very thin layer forms an extremely 
close and dtmse filter. The filter itself consists of a large number of filtering 
chambers with sieved bottoms. The fibrous material is washed into the 
chambers by water, where it settles in a compact layer. After it has been for 
a long time in use, the material is again flooded out by a counter current 
of water and cleaned in a washing cylinder, after which it can be again 
employed. 

Other constructions of the same system work with shaped and pressed 
asbestos cellulose cakes. The asbestos -cellulose system works most excellently 
and is very economical and practical. 

PiEFKB has worked out a method founded on the asbestos-cellulose filtering 
principle, for the removal of iron from water by first separating the dissolved 
iron as ro 2 (OH)(j, by bringing the water into intimate contact with air in an 
apparatus specially constructed for the purpose, and filled with suitable 
material. The FcglOHlfl is then separated from the water by filtration through 
asbestos-cellulose. 

The chemical purification of water is carried out by adding lime, which 
precipitates the bicarbonates of the alkaline earths and also Mg and Fe, at 
the same time causing other impurities to settle. 

Clarification is also much used in water works. The impurities are allowed 
to settle in the clarifying vessels, the process of sedimentation being assisted 
when necesssary by the addition of some precipitating agent. 

For the above purpose many different compounds serve as precipitating 
agents, which either form of themselves flaky precipitates which carry the 
floating impurities down with them or which precipitate only on the addition 
of a second agent to the water. 

Of these agents, mention may be made of the salts of aluminium, manganese, 
and magnesium in combination with lime, chalk, soda, &c. Most frequently 
a mixture of alum, or aluminium sulphate with calcium hydroxide is probably 

47 ^ 
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used, as is indeed the case for instance, in the clearing works at Frankfurt a. M 
In this case the reaction runs as follows 

Al2(S04)3 + 3 Ca(OH)3 = AlaCOH)* + 3 CaS04. 

The loose precipitate of aluminium hydroxide in this case carries the sub- 
stances in suspension down with it. 

Two compounds are not in all cases necessary to bring about the precipitation. 
For instance, in water containing suspended calcium carbonate, the pre- 
cipitation of aluminium hydroxide occurs on simply adding salts of alu- 
minium. 

Caro must bo taken in making use of these or other reagents, that the 
quality of the water in other respects does not suffer. For instance, water 
which is rendered clear by precipitation of aluminium sulphate and lime 
is rendered harder by the g 3 q)sum which is then present in solution. TIk^ 
above mentioned method of precipitation, the artificial production of a 
precipitate for the purpose of causing the suspended impurities in the water 
to settle with the added chemicals is termed indirect precipitation. Direct 
precipitation is, however, carried out when the precipitate itself consists partly 
of the material to be removed from the water and partly of the agent. Direct 
precipitation is used for separating calcium and magnesium salts in solution, 
for rendering the water free from iron, and also at times for the removal of 
humic substances. If the water contains much iron, this must bo removed 
to render it fit for drinking or dyeing purposes. For this purpose the water is 
subjected to the action of air in some suitable way, as for instance by passing 
it over heaps of coke or irrigation works, which causes the iron in solution 
as bicarbonate to separate in the form of FeCOg and Fe 2 (OH) 6 . Filtration 
following this process, completes the operation. Compare above remarks 
on asbestos -cellulose filters. 

Germ. Pats. 145797 and 154792 make use of filters which are partly filled 
with finely distributed manganese oxide for removing iron contents. Germ. 
Pat. 148404 considerably assists the removal of the iron by previously in- 
creasing the amount of alkali. 

The purification of water as well as of sewage by the electric current has 
recently attained considerable importance. In this process, either ozont? is 
developed, or the chloride in the water is decomposed, so that chlorine and 
hypochlorites are formed, which in their turn destroy the microorganisms in 
suspension. The ozone is generated by electricity in Siemens and Halske's 
specially constructed apparatus, and passes from the bottom to the top 
of a tower in which the water trickles down in finely distributed particles. 
The water is put through a filter previous to this operation, the filter used 
being that invented by Kroehnke, the so-called Rapid. Compare also the 
article on “Ozone’'. The ozone apparatus used in this case is Siemens 
plate apparatus (12000 volt). One pair of plates with 1 sqiji. of electric 
surface requires 0.5 HP. 

The purification of water by means of ozone will probably become more 
popular. 

The sterilization of water by chlorine and hypochlorites electrolytically 
prepared has been proposed by Hermits. He decomposes sea water or a 
salt solution by the electric current and mixes the sterilizing fluid thus produced 
with the water to be purified. The fluid has been given the name of Heb- 
mitine. Compare “Bleaching’’. The Hermite process at first caused great 
excitement, but many drawbacks have been discovered, which prevent the 
practical adoption of this method. 

Distillation as a method of purifying water only comes into consideration 
for large quantities in cases where it is necessary to procure fresh water from 
sea water. 
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Purification of feed water for boilers. 

The water for feeding boilers must be of such a kind as will not damage the 
boiler and does not require excessive expenditure of fuel. The principal point 
to be observed is that the water must not form any incrustation or sediment 
of Ca and Mg salts. The incrustations are the separations inside the boilers 
caused by the increased concentration of the solution by heat. Int his way the 
bicarbonates of the alkaline eartlis. Mg and Fe are converted with evolution 
of CO into neutral, insoluble carbonates, while CaS04 separates out by reason 
of the increasing concentration. Fe2(OH)g, SiOg, organic substances, fatty 
acids from the lubricating mixture, &c., help to form deposits. These in- 
crustations are very bad heat conductors and consequently cause a larger 
consumption of fuel. They also cause the heat to be spread around the sides 
of the boiler very unevenly, thus often leading to explosions, &c. 

The methods used for preventing the formation of deposits may be classed 
under headings of mechanical and chemical preventives. Of the first the most 
effective is to keep the boiler as free from sediment as possible, by frequently 
pumping air through it and smearing the sides with grease, petroleum, &c. 
Mineral oils such as petroleum can be added to the water without fear of 
damage, indeed these oils may be said to prevent directly the formation of 
incru^ation; other oils and fats however should not be admitted for they 
become dissociated by the pressure and high temperature of the boiler with 
formation of fatty acids. These acids settle on the sides of the boiler in coatings 
of varying thickness, and, besides not being good heat conductors, they also 
eat into the metal. 

The chemical methods for the prevention of such incrustations are based 
on the principle of rendering the water as soft as possible. The feed water 
is treated with chemicals such as barium chloride, magnesia, caustic alkalies, 
nitric acid and so on. More popular and perhaps more practical for this purpose 
arc, however, soda and lime. The soda precipitates the CaS04 as insoluble 
carbonate and the lime, in the form of slaked lime, or lime water decomposes 
the bicarbonates. The feed water can also be purified with soda alone but in 
this case the water must at the same time be warmed, so that the Na2003 
precipitates the gypsum, while the bicarbonates are decornposed by the heat. 
Feed water is now as a rule purified before it enters the boiler, only such water 
being used as has been cleared by settling or by being passed through a b 
A point to bo carefully noted, is that a smaller amount of chemicals will be 
found necessary if the water is heated before their addition. 

Barium carbonate has lately been bighly recommended, but its use renders 
necessary a special alteration of the ordinary precipitate receiver, ino Puri- 
fication of the feed water with this chemical will also be found considerably 
more expensive than with NagCOg. 

The value* of all systems for purifying water will however always remain 
illusory if the result of the process is not subject to continual chemical control. 


C. Purification of refuse and sewage water. 

The purification of the refuse water from factories is treated of in the 
article on “SEWAGE'^ In this article the purification of town sewage wUl be 
considered. j 

The best method for the purification of town sewage is undoubtedly the 
irrigation system. The sewage is conducted on to fields specify laid out f 
this purpose, the so-called sewage farms. The sewage trickles 
ground and is filtered by passing through the upper layers of the groimd, 
leaving behind the organic contents and reaching the drain pipes 
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ground in a purified condition. The sewage farms act excellently if the ground 
is suitable, the management good and the area sufficient. This is splendidly 
illustrated by the success of the Berlin sewage farms. It is true the reshlts are 
less satisfactory from an economical point of view, though from that of hygiene 
there is nothing better to be desired. 

In the second place the purification of sewage water, by means of chemicals 
should be considered. The same chemicals are used as mentioned above for 
the purification of drinking water under A. 

Special mention should here be made of the Rothe-Degener Humus 
PROCESS which must be classed as a combination of mechanical and chemical 
methods. This process is an improvement on that of Rothe-Roeckner in 
which the water mixed with the chemical precipitating agents, usually lime 
and aluminium sulphate, slowly rises through a clearing well. The Rothe- 
Roeckner tower consists of a lever bell and a clearing reservoir arrangenumt 
and by its construction economizes to a considerable extent the amount of 
building ground. The slime deposit however from most clearing methods is a 
disadvantage also shared by the Rothe-Roeckner system. The deposit is 
very watery and of very little use either for agricultural or industrial purposes, 
and its removal is difficult and expensive. 

The Rothe-Degener process docs away with this disadvantage. The 
purification of the sewage is carried out by a humus in the form of lignit(‘ or 
rather old 2 )eat moss, which is added to the sewage, with the result tliat the 
impurities are at once absorbed. For the purpose of clearing, suitable 
metallic salts, such as ferric sulphate, or aluminium, or magnesium sulpliat()s, 
&c. are added. The sewage which is converted by the humus and solution of 
salts after passing a mixing apparatus reaches the Rothe-Roeckner clearing 
cylinder. The slimy sediment of this oj)eration is freed from tlio greater 
part of its water in a vacuum drying apparatus, and forms a substance 
similar to peat, which is then cut up and dried in tlie air, or directly made into 
briquettes, which prove to be a very good fuel. 

Another process for the jiurification of sewage water is the so-called bacterial 
method. It is based on the vitality of certain micro-organisms wdiich decompose 
the organic compounds of sewage water. Filtering beds of gravel or coke 
serve as the “seat'' of these purifying bacteria. These beds are so numerous 
that they can be put out of use alternately for some hours. Aft(^r the filters 
are filled with the sewage, tlie latter is allowed to stand for two hours, when 
the organic contents arc oxidized by the bacteria. The sewage is eitluT put 
directly into the beds or is first treated for 24 hours in so-called rotting cham- 
bers. The biological method is much used in England, but in Germany it is 
still in the experimental stage. It is however a most promising system for the 
purification of drainage. 

Other methods for the purification of sewage w^hich arc strongly recommended 
are the Ozone process and the Hermite process, which are both alluded to 
under A: Purification of drinking water. 

Water Purification: 

Hans Reisert G. m. b. H., Koln, Germany. 

Water distilling apparatus: 

Friedrich Heckmann, Berlin SO. 16, Btiickenstr. 6b (eoe advts.). 

Volkmar Haenig & Comp., Heidenau-Dresden, Germany (see front part advt.). 


Water sprays. 

These are used for producing water and other liquids in the form of a 
fine spray. They are constructed in such a way that the liquid is 
motion by the action of a screw and is forced to leave in a finely-di video 
state. 
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For chemical industries apparatus of glass is generally used in order to 
withstand the action of 1. Acids, 2. Alkalies, and to absorb acid gases 
with wiBiter (the latter being in a finely -divided state); the body of the 
apparatus is generally made of glass the screw' of hard rubber (vulcanite), 
lead or other resistant material. 

Water sprays: 

Paul Lechler, Stuttgart, Germany, 


Wax. The waxy fatty acid esters do not belong, like the real fats to the 
glycerines, but to the monovalent cetyl, ceryl, myrieyl alcohols, &c. Compare 
“Fats’*. Most waxes are solids. To this class belong bees’ wax, insect or 
tree wax, spermaceti and carnauba wax. Spermaceti oil is however a liquid 
wax. See “Spermaceti” and “Vegetable waxes”. Insect wax, Chinese 
tree wax (Cera chinensis) is obtained from the shell louse which inhabits some 
Chinese trees, and is of little importance for European markets. The so-called 
Japanese wax and myrica wax arc as a matter of fact fats akin to tallow. 
See “Vegetable tallow”. What is generally understood under the name 
of wax and is at the same time the most important kind is obtained from the 
honeycombs of bees, called beeswax. The comb is melted in hot water or 
8t(%am and the crude wax thus obtained separat(‘d from its impurities, honey, 
pollen and the like by boiling several tines with water, when the foreign 
substances either pass into the HgO or settle in a layer between the wax and 
the water. This wax is of a yellow to dark brown colour and is bleached by 
(exposure to the sun. Chlorine is not used on account of its deleterious action. 
The process of bleaching is carried out by first melting the yellow wax in 
steam and letting it flow through narrow slits on to a circulating roller which 
is half under water. The wax thus solidifies into narrow tliin strips, which 
offers the largest possible surface to the light, and in this condition it 
is then laid in the sun. The bleaching process can be hastened by an addition 
of turpentine oil, or instead of sun-bleaching the wax can be treated with 
K^Cr.O^ -f H2SO4. 

Under the name of wax extract a product is sold obtained from the refuse 
of the honeycomb press by extraction with benzine. 

Yellow beeswax has a S. G. at 15® of 0.962 — 0.066. Its melting point is 
62 — 64 and it solidifies at 60.5®. Saponification number 87.8 — 96.2; iodine 
number 8.3 — 11. White beeswax comes on the market in round cakes; it 
is harder than yellow wax. It has a S. G. at 15® of 0.964 — 0.968, a melting 
point of 63—64®, a solidifying point of 61.5—62®; saponification number is 
90.4—91.4. 

Wax is employed in the manufacture of candles, for dressings for fabrics, 
for making waxed paper, plasters, ointment, and as a modelling substance 
in the plastic art, &c. 

According to Amer. Pat. 735538, artificial wax is produced by mixing 
ketones of the acetone group with excess of paraffin, or with paraffin and 
stearin, with or without the addition of ceresinc. 

Compare also the articles on “Ozokerite”, “Ceresine”, “Vegetable 
and “Mineral wax”. 

Wax, vegetable (Palm wax)’. The most important member of this class 
of wax is Carnauba wax, Cera Carnavbae, See the article on Wax . It is 
found in small scales on the upper surface of the leaves of the Carnauba palm, 
Copernicia cerifera, and consists principally of the myrieyl ester of cerotimo 
^oid. It is solid S. G. at 15® 0.990—0.999. M. P. 83—91® and it solidifies at 
86 — 87®. Saponification number 79 — 93. It is used for making candles, 
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wax varnishes and so on. Tree wax is the name given to a substance made of 
a mixture of 120 g of yellow wax, 270 g of purified resin, 60 g of thick turpen- 
tine, 15 g of tree oil and 15 g of fat; it is used for covering woundjf on the 
trunks and branches of trees. Another method of making this product is to 
melt together 40 parts of pine resin, 15 parts of yellow wax, 15 parts of Japanese 
wax and 3 parts of tallow, then adding 24 parts of common turpentine and a 
solution of 0.2 parts of curcuma extract, dissolved in 0.8 parts of spirits of 
wine. Fluid tree wax is obtained by slowly melting 0.5 g of pine resin with 
150 — 220 g strong alcohol with continual stirring 

Japanese wax and myrica wax will be found under the heading “Tallow, 
vegetable'*. 

Weld, wold see “Dyers weed". 

Welding. The autogeneous soldering or welding of metals by means of the 
oxyhydrogen flame is becoming very important. It is termed autogeneous 
welding, because fluxes, hammering, pressure are necessary. 

The oxy-hydrogen flame has a temperature of 1900® C; the metal therefore 
immediately melts and the welding takes place automatically. The two 
pieces to be welded do not need to be polished before hand, as the flame itself 
reduces any impurity. The work is easy to learn, is not exhausting or trying 
and is accomplished with absolutely no danger to health. 

By this method wielding can be carried out and finished off in a way not 
possible by any other process. 

The use of compressed gas in cylinders is for this purpose decidedly pre- 
ferable to elcctrolytical generation. 

Wcstfalite see “Safety explosives". 

Westrumite see “Mineral oils". 

White tanning see “Mineral tanning". 

Wine. Alcoholic beverages which are produced by the fermentation of 
fruit juices containing sugar. In a narrow sense under the term wine is under- 
stood, the fermented juice of the grape, Vitis vinifera. The grapes arc fiwt 
made into a mash either simply by treading, pulling through a grape mill, 
or by treatment in box-shaped apparatus specially made for this purpose. 
The box treatment serves also for separating the berries from the acid -con- 
taining stem. , . 

The mash is then put into spindle or lever presses to separate off the ]uice. 
For making red wine, the mash of berries from which the stems have been 
removed is first fermented and then pressed ; the alcohol thus obtained extracts 
(under pressure) the colour from the blue and red berries. • • i 

The must is fermented in two stages, the first and more violent principal 
fermentation, which takes 3 — 14 days, and the “still" fermentation of the 
new wine, which lasts longer and is carried on at a lower teniperature. 

After the second process is sufficiently advanced the wine is racked into 
large closed barrels made of oak and stored in cool cellars till ready for bottling. 
Many chemical changes take place during the time of storage and maturing 
Different esters are formed from the fatty acids, and also fusel oils, which serve 
to bring out the bouquet or aroma. £a consequence of the evaporation o 
alcohol during storage the contents of the barrels diminish. It is thcrcioro 
necessary to add more from time to time, as otherwise micro-organism^ 
may develop which would spoil the wine. The maturing of the wine is hasteiie 
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bv frequent rackings. The wine is cleared and brightened with albumen, 
kaolin, gelatine, isinglass, gypsum, &c. The law only allows of wine being 
improve (“doctored'') by Gall's method of sweetening, Chaptal’s method 
for the same puraose and finally by mixing different brands together after 
fermentation. Most kinds of wine are mixed with different sorts of must 
or new wine. The “sugaring", Chaptal’s method, serves to improve a must 
which contains too much acid. The acid is neutralized by adding pure calcium 
carbonate and then sufficient cane sugar, to bring it up to the normal sugar 
content. Gall's method of sweetening is also used for improving an insuffi- 
ciently sweet must. Sugar and water, or a pure solution of sugar is added 
till the must shows a normal content of 24 % of sugar and 0.65 % of acid. 
Gall's method is of the greatest importance, for in this way, the sour must 
of bad years which will not ferment of itself, can be made into wine. The 
law does not permit the addition of alcohol to wine, neither is it permitted 
to add glycerine except under specified conditions. Gall’s method is also 
only legal within certain limits. A modification of sugaring whereby gypsum 
instead of calcium carbonate is used to neutralize the must is a questionable 
method as the gypsum in the wine tends to become converted into potassium 

bisulphate. mi 

The different kinds of sweet wines are in a certain sense artificial, ihey 
are produced by fermenting the grape skins with sugar and water. Sparkling 
wines are also mostly made in the same way. 

The manufacture of artificial wine from spirit, syrup, sugar, glycerine 
and fruit ether with cheap fruit wines is forbidden by law. 

VVintergreen, oil of. An aromatic, essential oil obtained from Gaultheria 
p’oeumbens. Usually it is obtained S 5 mthetically (see “Salicylic acid esters) . 
It is used in the preparation of fruit essences, for perfuming soap, &c. 

Witherito = barium carbonate. A heavy powder. S. G. 4.30. Sparingly 
soluble in water, readily in HCl. 

Wood. The increasing value of wood as a material on the one hand and 
its liability to damage under unfavourable circumstances on the other have 
caused the preservation of wood to become a very important industry. 

1. Drying. After the wood has lain for about a year, so piled up that 
the air has free access around and between the logs, it is carted to a shed for 
further drying, and finally put into a hearth. These furnaces are fed 
special fuel, and the hot gas which reaches the wood must be cooled to 150 C. 
It is also important that the drying in these furnaces should be done very 
gradually as otherwise the wood will split or warp. The empyreumatic 
vapours produced by the partial consumption of the fuel are at the 

time antiseptic. To increase the resistance to external influences the dried 
wood is brushed over with linseed oil, tar, oil paint or the like. 

2. Evaporation. The sap present in the wood oontributes greatly to its 

destruction, on account of the ease with which it b^omes decomposed. Some- 
times the wood is soaked in water to draw out^p^ juices. This however is a 
troublesome process, and as a rule, it is prelKable to steam it, that is Jne 
W(K)d is treated with steam in suitable vessels. The work is carried out either 
in enclosed iron apparatus with steam pressure, or sirnply steamed in wooden 
vessels. In the latter case the steaming must be continued for bO— 72 hours. 
The product is however less satisfactory than that produced by steam 
pressure. . u v j 

3. Charring. By this process the moisture on the surface is absorbed, 
Q-nd the micro-organisms and organic substances which are liable to decompose 
are destroyed. At the same time the wood becomes impregnated with tarry 



746 


Wood. 


matters. The charring is done by holding the block in a fire. It is nioro 
practical to carry out this work however by movable flames from a blow pipe 

4. Impkegnation. There are various methods for this excellent? way of 
preserving wood. The work is done with or without pressure. The mixture 
employed is made of corrosive sublimate (HgClg), oil of tar, copper sulphate 
aluminium sulphate, sodium aluminate, ferrous sulphate, zinc chloride* 
mixtures of ammonia, sulphite and borate of ammonium, kc. Carboltnelm 
(q. V.) has proved to be a specially good tar oil. Creosote, vaporized and 
melted naphthalene, crude petroleum, and iron oxide are also used for this 
purpose. Impregnation with pressure is carried out either by forcing the fluid 
through the wood, or the wood is heated, the air removed by pumps and 
the impregnation fluid run in under pressure. For impregnation with heavy 
tar oils, the great aim is to heighten the effect of the oils by rendering them 
either soluble in water, or at any rate capable of forming an emulsion. Th(^ 
oils are rendered soluble by sulphonation, the emulsion is made with the 
assistance of soaps, and the fact that it is possible to make emulsions of oils 
which are insoluble in water with an extremely small quantity (about % of 
soap) has become of great importance, not only for the purpose in question, 
but also for the manufacture of solid forms of spirits, benzene and sal volatih;, 
&c. Mention must be made of a few of the more important new patents. Germ. 
Pats. 139441 and 152179 protect the manufacture of a durable emulsion of 
tar oil and zinc chloride solution for impregnating wood. According to Germ. 
Pat. 118101 and 150100 an impregnating mixture is made of a hot solution 
of the zinc or magnesium salts of naphthalene-;S-sulphonic acid, &c. 

5. Metallisation. In this process the wood is impregnated with two 
solutions of salts one after the other, which combine in the fibres forming an 
insoluble precipitate. The wood is soaked in a solution of a zinc or copper 
salt, and afterwards with a solution of resin soap. Another plan is to soak in 
calcium chloride and sulphate, with barium sulphide and ferrous sulphate, 
with calcium chloride and water glass (sodium silicate). 

Gautsche's method of impregnation for the purpose of rendering vood 
fireproof has proved of great service. The air is removed in a vacuum boiler, 
in which the fluid consisting of sulphate and ammonium borate is then intro- 
duced under pressure. The wood is not boiled, the temperature being only 
raised to 50® C. This kind of impregnated wood does not catch fire, nor can 
it spread fire, for it only chars to a depth of one centrimetre and then remains 
like any other incombustible substance. Gaijtsciie’s impregnation process is 
protected by Germ. Pat. 152006. 

Mention should also bo made of Hasselmann's impregnation method, where 
the wood is boiled under pressure in solutions of iron and copper salts. Accord- 
ing to Germ. Pat. 162043, sodium silicate (water glass) is coagulated by a 
solution of strong NaCl, the jelly is redissolved in NaOH and this mixture is 
used for painting the wood. . 

A quite new process is the method of impregnating wood with a solution 
of sugar. This operation is said to be a very successful method. The wood 
is boiled for several hours in open vessels with the solution of sugar, and then 
dried in hearths. During the process of drying the water evaporates, while 
the sugar solidifies amongst the wood fibres. By this treatment the firmness 
and durable strength of the wood is greatly increased. It also serves as lan 
excellent preventive of mildew and rot. 

Presenration of wood: 

C. a. Peters Ld., Derby London, Liverpool. 

Wood dust miUs: 

Max Friedrich Sc Co., Leipzig-Plagwitz 17, 
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Wood, artificial. A substance having the appearance of wood made from 
fine shavings bound together by suitable adhesives. The adhesives used 
for this purpose are blood, solutions of glue, starch, aluminium sulphate, &c. 
A new mo(£fication, which seems very promising, has come on the market 
under the name of Xylolith. ^ It is a mixture of shavings and magnesium 
chloride. This patent invention unites the advantages of wood with those 
of weather proof stones. Xylolith is used for flooring, panncling, carved 
ornaments, stairs, window sills, break blocks and many other purposes. 

Wood ashes see “Ash'\ 

Wood fibre. Compare “Cellulose’\ Ordinary Avood fibre is not chemically 
pure cellulose, neither is it obtained by the action of chemical agents on the 
wood, but by purely mechanical methods. 

Only those woods, which have long fibres, are suitable for the manufacture 
of this product. The kinds of wood which come into question arc those 
of the coniferae, poplars, and birches. In the manufacture of this article, there 
are five different stages to be gone through. 1. Preparation, 2. Pulping, 
3. Sorting, 4. Drying, 5. Bleaching. The wood is prepared by removing the 
twigs and nuts and peeling off the bark. The wood is then torn into fibres 
by pressure against a large rotating grindstone, of about 1.3 m diameter made 
of sandstone, which turns at the rate of 150—200 times per minute. The 
pulped material is put into a sorting apparatus, fitted with a cylinder or 
frame sieve, which separates the coarser splinters and fibres from the fine 
substance. This coarse material is then ground in a mill. The pulp, after 
the Avater has been drained off, can be immediately used for the manufacture 
of paper. Compare “Paper". If the fibre pulp is to be stored or transported, 
it is then dried in a sieve machine. This machine is a combination of pieces of 
felt and cylinders. The pulp leaves the machine as a moist dough-like sub- 
stance, which if necessary can be still f\irther dried by heat. If the pulp is 
to be bleached, which is in fact a difficult and only partially successful opera- 
tion, it must be done while the material is still moist. The best agent for this 
purpose is sulphur dioxide. If the wood is treated by steam pressure before 
pulping, a part of its contents, the pure cellulose, becomes dissolved and the 
brown pulp, Avhich has longer, more hairy and more flexible fibres than ordinary 
wood pulp, is obtained. This can then be manufactured into goods for which 
the ordinary pulp is not suitable, such as paper, leather paper, and so on 
w ithout the addition of rags. One cubic metre of pine Avood yields 300— 350 kg 
of air dry white fibre or 250 — 300 kg of air dry broAvn fibre. 

Wood gas. This gas used for lighting is obtained from resinous wood such 
as pine, by distillation in retorts. The gas is freed from its impurities in con- 
densation apparatus and scrubbers, and dried in lime cleaners. Compare 
“Coal gas’ . • Wood gas has the advantage of being comparatively pure, 
that is it contains no ammonia or sulphur compounds. Wood gas is very 
similar to that made from peat. 

Oas manufactured from wood is only of importance in very Avell wooded 
districts, where the transport of suitable coal is very expensive, except in such 
t'ases, where it is a secondary product in the production of some other sub- 
stafice. In the same wav the manufacture of peat gas is confined to certain 

districts. 

Wood material see “Wood fibre". 

Wood oil. Oils of varying kinds obtained from trees growing in Further 
India and Java. Some are obtained from the stem and others by pressing 
ihe seeds. 
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The Chinese oil is obtained from the nuts of the Tungshu tree (Ehecocca 
dryandra), belonging to the Euphorbiaceae. The fruits, which are almost 
as large as oranges, are dried and then heated until the rind splits tv^hen the 
kernel can be easily removed. The kernels are then ground and pressed, dhe 
clear oil which is at first liquid and yellow, soon becomes viscid. When boiled 
it becomes brown or black. Wlien freshly prepared it is very poisonous 

It is a viscid, cloudy mass with an unpleasant smell, and is used in the 
manufacture of varnishes, &c. There are two kinds: one dark and one yellow. 

According to Engl. Pat. 6789 (1903) a substance suitable for the manufacture 
of linoleum is obtained by mixing heated Chinese wood oil with linseed or 
other drying oil, or with resin oil. Resin, siccatives, &c. may also be added. 

Wood naphtha : 

Stora Kopparbergs Bergslags Aktiebolag, Falun, Sweden. 

Wood panels and blocks see “Wood, artificial’'. 

Wood spirit see “Methylalcohol”. 

Wood stains. Very different kinds of stains are made use of for colouring 
wood. Some of the stains arc put on cold, some on the other hand must 
be hot. Very frequently the desired shade or tone is only acquired after several 
treatments with two different stains. Wood stains are sold both as solids 
and liquids. In the former case they are dissolved either in warm water, or 
in alcohol 1 : 15. 

Wood tar. This substance is obtained as a by-product during the pro- 
cess of charcoal burning by the condensation of tar. At the bottom of 
the stack at the lowest point a pipe is inserted to conduct the tar into the 
receiver. Wood tar is also obtained in the form of a condensed product 
of distillation in stack furnaces and crucible furnaces. This product separates 
after standing for some days into tar and wood vinegar. Compare “Charcoal”, 
“Charcoal burning” and “Acetic acid”. 

Wood tar differs according to the material from which it is made. The tar 
made from ordinary wood is oily, while that from conifer wood is syrupy 
and sticky. The colour varies between light brown and deep blue- black. 
If wood tar is distilled, light and heavy tar oils are both obtained besides 
other secondary products. The light oil is used as a substitute for turpentine 
and the heavy oils for the manufacture of machine oil. Compare also the 
article on “Creosote”. 

Test. The analysis for distinguishing the different kinds of wood tar 
is carried out according to Ed. Hirschsoiin in the following way. 

I. Acetic acid (95 %) completely dissolves : 

a) French turpentine oil dissolves completely. The petroleum other 

sample of the tar on being shaken witii dilute copper acetate 
solution 1 : 1000 becomes greenish. Chloroform and absolute 
ether dissolve completely Pine 

b) Turpentine oil dissolves but little. The petroleum ether sa^pl^ 

with copper acetate solution does not change colour. Chloroform 
and ether dissolve completely Birch tar. 

II. Acetic acid (95 %) dissolves completely : 

a) Turpentine oil dissolves completely. 

1. Aniline dissolves completely. The tar water (1 : 20) 
with a dilute solution of Fe 2 Cl 8 (1 : 1000) a red colour 

' * ^ Juniper t.vr. 
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2. Aniline dissolves incompletely. The tar water with a dilute 
solution of FegClg (1 : 1000) gives a red colour Birch tar. 
b) Turpentine dissolves completely. Benzene, chloroform, ether 
and olive oil dissolve incompletely Aspen tar. 

^ood tar: 

Stora Kopparberga Bergalaga Aktiebolag, Falun, Sweden. 

Wood vinegar see “Acetic acid'’. 


Wool. The hair of different kinds of sheep. Most breeds of sheep are 
crossed with the Spanish merino, which is known for its excellent wool. The 
wool is prepared by first washing in water and then boiling in soap, water- 
soda, &c., to free it from the fat. The fat is also frequently removed by ex- 
traction with carbon disulphide, or other chemicals which dissolve fat. 

Germ. Pat. 143698 protects a method for removing the fat by first sub- 
jecting the wool to the action of hot fat solvents, pressing out the excess of 
solvent by mechanical means, washing in hot water to remove the last traces 
of tlie chemicals and finally pressing out the water by machinery. All these 
operations are carried out one after the other in the same vessel. The employ- 
ment of heated solvents separates not only the fat from the wool, but also 
what is known under the name of yolk and suint. If these are not removed, 
the water which is afterwards poured into the vessel to remove the remaining 
solvents would combine with these chemicals and with the yollt to form an 
emulsion. This emulsion would then not only prevent the water from 
penetrating themass of the wool, but also seriously hinder the further 
cleansing of the product. 

According to Germ. Pat. 155744 wet wool can be separated from the oil 
by benzine, by subjecting the raw material to previous treatment with a salt 
or acid solution. 

Germ. Pat. 144485 and 146845 aim at making wool less sensitive to the 
action of alkalies. For this purpose the wool is treated with the vapour or a 
solution of formaldehyde. The avooI subjected to this treatment can stand 
hotter and stronger solutions of alkalies in washing, bleaching and dyeing, &c. 
The second patent slightly modifies this method by subjecting the wool fibres 
to the action of a solution of formaldehyde, to which is added the alkali with 
which the fibrous material is to be treated later, or the wool fibre is put into 
a weak alkaline formaldehyde solution and then heated. 

The washed wool, which in some cases has already been bleached with SOg, 
is then carbonized before being dyed. By carbonization is understood the 
removal of vegetable substances, such as burrs or straw. For this purpose 
the wool is soaked in hydrochloric or sulphuric acid, or aluminium chloride 
solution, beaten out into the so-called carbonization furnace, where the 
rnaterial is tl^n dried by currents of air at a temperature of about 45®, and 
finally carbonized by further heating to 75 — 80®. After this operation the 
vegetable matter falls to dust and can easily be shaken and beaten from 
the wool fibres, which are entirely unaffected by this treatment. The carbon- 
ization can also be carried out with hydrochloric acid gas. This is sometimes 
done at the normal and sometimes at a higher temperature. The former method 
is considered on the whole to be the better. Carbonization is of special im- 
portance for the manufacture of shoddy, felt and artificial wool. The materials 
nsed for making these substances are old clothes and rags of pure wool or 
^ixed goods. From these mixtures the vegetable fibres, cotton, &c., are 
removed by carbonization. 

Mohair is made from the hair of the Angora goat, and cashmere from that 

the Cashmere goat, while alpaca, vigogne and llama are made from the hair 
of different kinds of goats. 
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Test. On the subject of qualitative testing and distinguishing from other 
textile fibres, see the article on “Textile fibres’". 

• 

Wool dyeing. Animal fibres have a greater affinity for most colours tliaii 
plant fibres. For this reason wool can often be dyed by simply putting the 
fibres, from which the fat has been removed, while still wet into the cold or 
slightly warmed colour bath, and gradually increasing the temperature. This 
method of substantive wool dyeing is carried out with basic dyes, acid colours 
benzidine dyes, &c. The temperature of the bath is usually 25 — 30 C, and 
this is gradually increased to boiling point during the process of dyeing. 

Many kinds of colouring matter require the use of mordants for dyeintr 
wool. There are four kinds of adjective wool dyeing possible. 

1. The two bath method. The wool is first heated with mordants and 
then dyed. Mordants of aluminium and chromium with tartaric acid, HgSO^ 
and tin salts are used, and the process is carried out in a boiling bath in which 
the fibres must remain until cold. The wool is then rinsed, put into the warm 
dye bath and heated to boiling point. This most popular method of wool 
dyeing is used when such materials as wood extracts and alizarine dyes are 
used. 

2. The one bath method is carried out by putting the material into a bath 
composed of the materials given above for the double bath. This method 
saves time and work, but can only be used when the colour lake is partly 
soluble in the hot or acid bath. These kinds of colour lake include cochineal 
and chloride of tin, fustic and alum, fustic and tin salts, logwood and sulphate 
of copper, &c. 

3. After-mordanting. The wool is dyed first and the colour afterwards 
fixed by a mordant. 

4. The three bath method is generally used for dyeing wool black with 
logwood. The wool is first treated with a mordant KgCrgO^, then dyed in a 
logwood bath and finally the colouring matter, which is only mechanically 
absorbed by the fibres and not yet combined with the mordant, is fixed in 
a second KoCrgO, bath. In other cases the third bath serves to make the 
colours brighter. This process is called brightening. 

The wool is dyed either spun, unspun, or woven. The dye is faster if the 
wool is coloured while in the fibre, and yarn takes the colour better than cloth. 
On the other hand the unspun wool can onlybe treated with very pure colouring 
matters, such as will not interfere with the numerous later operations in the 
manufacture of cloth. 

Compare also the article “Vats and Vat colours”. 

Wool fat (Adeya lanae). This substance is obtained by soaking the raw 
wool in water and washing with soap and carbonates of alkalies. The water 
is then treated in a centrifugal apparatus, which removes the g;ease from the 
soapsuds. 

Sometimes the fat is removed from the wool by extraction with petroleum, 
ether or carbon disulphide. The product obtained is a greasy disagreeable 
substance with a colour varying from brown to yellow, the S. G. at 15^0 is 
0.937 and the M. P. 39 — 42.6<’ C. It is for the most part a mixture 
of cholesterine with the ceryl ester of cerotinic acid, cholestervl ester of pali^tic 
acid and cholesteryl ester of stearic acid. If the product is distilled, a 
of cholesterine and uncombined fatty acids, the so-called distilled wool fat i 
obtained. . j 

According to Germ. Pat. 143667 the fat can be mechanically extrac^^ 
from the wool by the dust of infusorial earth, clay or chalk by me^ o 
beetling apparatus. The value of this process however appears to be ve y 
questionable. 
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According to Germ. Pat. 155744 the soap and other emulsion materials, 
left over from the first washing of the wool, are mixed with solutions of NaCl] 
Na.>S 04 ,*HCl or H 2 SO 4 , whereby they are rendered insoluble in benzine' 
and from which the grease can be then extracted without the formation of 
an irnulsion. It is however very doubtful whether the wet wool can be saturated 
with the benzine. 

The disagreeable smell of wool fat is now removed by various methods. 

The purified wool fat known under the name of lanoline is a product of 
considerable importance. The raw material is purified by different methods. 
The impurities can be extracted by means of boiling acetone or treated with 
benzine or some other fat solvent, after which the purified fat is obtained by 
distilling the solution. Another method is to add concentrated salt solution 
to the solution of fat, which facilitates the separation of the wool fat from 
the residue. The wool fat is treated cither before or after purification with 
alkalies to remove the fatty acids ; the soap then formed is dissolved in alcohol, 
while the purified wool fat remains behind. This is finally melted and kneaded 
with water. The white ointment thus obtained, which contains 25 % of HgO, 
is the pharmaceutical product known as lanoline. It does not readily saponify 
and does not therefore become rancid. It can absorb up to 110 % of HgO 
without losing its consistency. The principal reason for its extended use in 
the manufacture of ointments is the facility with which it is absorbed by 
the skin. Lanoline is distinguished from ordinary fats in that the fatty acids 
are combined not with glycerine but with cholesterine and fatty alcohol. 
According to Germ. Pat. 163254 and Suppl. Pat. 178804 lanogene, a variety of 
wool fat, can be separated by letting the wool fat stand over bone charcoal. 
The lanogene is absorbed and can be extracted with alcohol or with benzine 
containing 5 — 10 % alcohol. The product is capable of taking up large quan- 
tities of water (even if mixed with 1)8 % paraffin ointment). 


X 

Xanthate, potassium see “Carbon disulphide". 

Xanthorhamnine see “Persian berries". 

Xeroform = bismuth tribromphenol. Bi 202 • OH . (0 . CgHoBra). Obtained 
by the action of bismuth chloride or bismuth nitrate on sodium tribrom 
phenolate. 

Odourless, tasteless yellow powder insoluble in HoO and in alcohol. Taken 
internally as an intestinal antiseptic ; used externally as a substitute for iodo- 
form in the treatment of wounds and diseases of the skin. 

Xylenes an^ xylidincs. 

1. Xylenes (dimethylbenzenes). CeH 4 (CH 3 ) 2 . Three isomeric liquid 

hydrocarbons occurring in crude benzene (see “Benzene" and “Coal tar ). 
Xylene is separated by fractional distillation though the separate isomeric 
xylenes can not be obtained in the same way. They are separated by a rather 
inv^ved process based on the different behaviour of o-, m- and p-xylene 
^^^^rds dilute HNO3, concentrated H2SO4 and fuming H2SO4 respectively. 
^1 three xylenes are colourless liquids and boil between 137 and 142 C; 
ujdustrially the most important isomer is m-xylene, used in the preparation 
of various tar colours. . , .... 

2 . Xylidines (amidoxylenes) . CeH3(CH3)2 • NHg. A mixture of xylidmes 
obtained by nitrating crude xylene ana then reducing the nitroxylenes thus 
formed. This mixture contains 4 of the 6 isomers, the largest proportion 
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being as m-xylidine (NHj : CH3 : CH3 =1:2:4) and p-xylidino fNR . 
CH3 : CH3 = 1:2:5). Germ. Pat. 139457 discussed under “Aniline’’ 

has been rendered available for the preparation of xvlidines. 5or som > 

purposes the industrial xylidine may be used as it is, for others a separation 
is necessary, m-xylidine being the most valuable. There are several metlvids 
of separation, mostly patented and based on the difference in solubility of 
m- and p-xylidine acetate, of m- and p-xylidine hydrochloride and finally on 
solubilities of xylite -sulphonic acids (or of their sodium salts). The bst 
method for obtaining pure xylidines is to use pure xylenes. 

m- and p-xylidincs are colourless liquids which soon turn yellow in the air 
m-xylidine S. G. 0.9184 (at 15®), B. P. 212® C; p-xylidine S. G. 0.980 (at 15«C) 
B. P. 215®. ’ 


Xylolith see “Wood, artificial”. 

Xyol. A new disinfectant containing formaldehyde. Xyol is a clear liquid 
which turns milky on pouring into water. It has strong bactericidal properties. 


Y 

Yeast. Colls of the yeast plant which belongs to the family of the Sac- 
cJuiromycetes, a substance which brings about alcoholic fermentation, tliat 
is the decomposition of the sugar into alcohol and carbonic acid. Tlu^ cells 
are round, oval or roller shaped and about 0.008 — 0.01 mm in greatest dia- 
meter. The cells propagate by branching or budding. Yeast is usually classed 
under two heads: beer yeast or barm and brandy yeast, which when pressed 
into a solid is known as German yeast. 

The two varieties of yeast of the same origin are known as top and bottom 
yeasts. In appearance they can scarcely bo distinguished. The upper yeast 
ferinents fluids containing sugar very powerfully at 18 — 25 ®C, with the for- 
mation of a thick froth in which the yeast itself is borne to the surface. The 
fermentation by ground yeast goes on between 4 and 12® C slowly, the yeast 
itself remaining at the bottom. 

Yeast is found in all kinds of places, so that fermentation takes place in 
every suitable solution. 

As however other kinds may be present and may have an injurious action, 
e. g. in giving a bitter taste to the product or rendering it cloudy, artificial 
yeast is usually preferred in practice, especially for breweries and distilling 
works; the pure cultivated yeast, that is composed of one kind of cell, and pro- 
duced by isolation culture, being the kinci chosen. 

The yeast now used in breweries is produced in special institutions, in 
special yeast propagation apparatus. Very large breweries prepare their 
o^ yeast. Different kinds of yeast are used for different kinds hf beer thereby 
giving the beverage its special character. Similar experiments which have 
of late been successfully carried out with wine, encourage further attempts 
in the same direction. 

For distilleries also, a special kind of yeast is cultivated by preparing a 
nutritive substance of green malt and other materials and subjecting^ the 
mash to a lactic acid fermentation. The acidification which is carried out m 
chambers heated to about 50® prevents the development of the numerous 
other micro-organisms which would be injurious. The mash when sufficiency 
acid is cooled as rapidly as possible to 16 — 20® and then impregnated with 
mother yeast. The artificial yeast thus grown is used, without separating the 
yeast and sour mash, for fermenting the mash of the still, some being 
as mother yeast for a new supply. Artificial lactic acid can be added insteao 
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of developing a lactic acid fermentation. Compare “Alcohol”. According 
to Germ. Pat. 123437 artificial yeast is prepared without lactic acid ferment- 
ation by using cither sulphuric acid or phosphoric acid. 

German yeast or dry, pressed yeast is very much employed at present 
es|lt'eially for baking, in which industry it has almost entirely* superseded the 
old fashioned barm. Head yeast (distillery yeast) is skimmed off, together 
with the fermentation froth and pressed to sipieeze out the wat(T. It is obtained 
by making a mash of rye and maize, someiimes also buck wheat and barley, 
adding sugar with kiln dried malt; subjecting this to lactic acid fermentation 
at about 50 cooling after 24 hours to about 17® and finally h'rmenting 
vith mother yeast. When the fermentation is sufficicaitly advaiu’ed, that is 
wlien tlio yeast is ripe, the froth is placied in a reservoir. After this the treat- 
ment depends on wliether the mash has been ferimmtc'd with th(i malt husks 
or whether these were first removed. In the latter ease air is conducted through 
ihi'. mash during fermentation. 

If the yeast froth still contains spent grain, or husks, or in fact any residue 
it is conducted after being mixed wdth TIoO into a sieving machine which 
separates thes(i. The yeast is thcai washed and made into cakes in filter 
presses. The air yeast procc^ss mentioned above is however far better than 
this so-called residuary method. Th(‘. fcTmented mash is allowcal to settle in 
basins, and after the yeast has sunk the wort is skimim^d off. The yeast is 
washed several times with H^O, then passed through the filter press and 
formed into cakes. 

According to a lecture given by Lange at the International Congress for 
A[)plied Chemistry, held in Berlin in 1903, it is possible; to produce an excell(;nt 
y(;ast from dried potatoes mashed under steam prc'ssun;, having the same 
aroma, colour, vitality of growth and keeping properties as any other. 

A(“cording to GcTin! Pat. 173231 from a clear mixture of potato and beet 
juice, free from germinating matter, a yeast of good ferm(‘nting y)ow'er can be 
obtained in tin; following way. The washed potato(^s are made into a paste 
and from this the juice is obtained free from starch, by c('ntrifuging. 'lliis is 
then mixed with b(;et juice similarly prepared, the w hole acidified with H 2 vS() 4 , 
sterilized by boiling and filtercid. The clear y)ale yellow^ liquid can then be used 
as a culture medium for the yeast plant. See also fSuj)pl. Germ. Pat. 180594 
and Germ. Pat. 174864. 

Test. Bau has worked out a method for proving the presence of ground 
yeast in pressed yeast based on tlu; fact that the two sugars mclibiose and 
inelitriose cannot be dir(;ctly ferm(;nted. The experiment is carried out by 
introducing into each of three; test tubes 10 cem of a 1 % solution of mcllitroso 
and 0.4 g of the sample yeast to be examined. The mouth of the tube; is stopped 
with cotton wool and put in a germinating chamber at a tiunperaturc of 30® C. 
Pure; head ye^st splits the inelitriose by mctans of a particular enzyme, called 
by Bau the melibiase, into laeviilose, glucose and galactose, and these three 
sugars are then fermented. After 24, 48 and 72 hours one of the tubes is taken, 
the cont(;nts filtered and 3 cem of the filtrate mix(;d witli 1 cem of Fkiilino’s 
solution in a test tube and placed for 5 mmutes in boiling water. If the Ibdd 
in the tube which has been standing for 24 hours remains blue, more than 10 /q 
ofweast is present in the sample. If the same appearance is manifested by the 
tube which has stood 48 hours then it may be assumed the sample contained 
b % of ground yeast. If the fluid only becomes blue after 72 hours, about 1 ^ 
of ground yeast is present. Experiments by Saake and Bode have shown 
that even the complete spoiling of a yeast has no influence on the surety of the 
test of ground yeast being present in pressed yeast, when carried out after 
Bau’s method, provided the presence of ground yeast is only assumed as sure 
'vhen the Bau method shows over 10 %. 

Bliicher. “tS 



764 


Yeast extbaots. 


Yeast food: 

E. 8. Spencer Ld., Drummond Works, Drummond Road, London S.E. 

• 

Yeast extracts. The methods by which these extracts are produced are 
almost all patented and are all similar in principle. The yeast is well wasljf^d 
after 12 hours the water is drained off and the product put into bags and 
pressed. The cells are burst open by boiling in an open vessel in a steam bath. 
The liquor is then evaporated in vacuo after being filtered. 

The following special methods may be mentioned. According to Germ. 
Pat. 134165 the yeast is treated with HjO, acidified with methylsuccinic acid 
(25 g per hectolitre) ^ then with 5 % NaCl solution and finally washed with 
HgO, to obtain the cell fluid of pressed yeast. The yeast is freed from as much 
water as possible, warmed 7 — 8 hours to 72 — 92° C and evaporated. A clear 
filtrate is obtained if cooling is avoided during treatment. The yeast extract 
is either dry or in the form of a thick syrup. 

Aubry’s process (Germ. Pat. 120360) seems to be much used. The well 
washed and dried yeast which has passed through the press, is mixed with 
6 — 10 % NaCl which renders it liquid and at the same time prevents auto- 
fermentation which would cause the development of evil-smelling by-produ(!ts. 
The fluid is then allowed to stand for a time at a low temperature, digested 
for 2 — 3 hours at 50° C and quickly brought to boiling point, or the substance 
is put into the same amount or double the amount of boiling water and aft(^r 
boiling for 1 — 2 hours is pressed. The liquid is evaporated till a film of salt 
is formed and is then put aside in clearing vessels to settle. If allowed to stand 
some time in the air the taste of the product is improved. Germ. Pat. 134721 
treats of the separation of the cell contents from the pressed damp yeast by 
ether vapours, benzene, toluene, chloroform, acetone, glycerine, mctliyl 
alcohol, but not ethyl alcohol. Germ. Pat. 151561 protects a process for the 
separation of the albumen of the yeast extract. 

Amer. Pat. 785733 and 785734 treat of the preparation of yeast extract by 
the use of ethyl acetate. 

Various other processes for the preparation of yeast extracts must be here 
passed over. These extracts are much used especially as substitutes for 
meat extract to which they are very similar in appearance, taste and also in 
the method of employment. 

Germ. Pat. 157626 protects a method for removing the bitter taste that 
most yeast extracts possess. An oxidizing agent is used for the purpose, 
that is the extract is boiled with HgOg. Ozone and peroxides can also be 
used. 

For details on the yeast oil or fat used in medicine, compare “Cerolbinb". 

Test. The following is a method published by A. Sbarl for proving the 
presence of yeast extract as an adulteration in extract of mej;,t. 

13 g of copper sulphate and 13 g of sodium tartrate are dissolved in 125 com 
H 2 O, and at the same time 16 g of NaOH in 125 cem HgO. Both solutions are 
then mixed; 0.65 g of yeast extract in 46 cem of HgO is added to onc-hali 
of the above mixture and boiled 1 — 2 minutes. Pure extract of meat forms 
no precipitate, whereas if yeast extract is present a small quantity of a coagu* 
lat^ precipitate of a bluish-white colour is formed. • . 

Sbarl afterwards modified his method as follows; 3.24 — 6.5 g of extract 
are dissolved in 4 — 8 cem HjO and as much alcohol as precipitates the whole 
into an insoluble sediment. The sediment is dissolved in 46 cem HjO, filters, 
and then treated further as given above. If yeast extract is present tne 
characteristic bluish-white sediment wiU separate on boiling with the 
sulphate solution, and can then be collected and weighed. It is asserted tha 
witn this test as small a quantity as 1 % of yeast contents can be prove 
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M. WiNTJEN in Arch. f. Pharm. 1904, 607 gives another method for testing 
extract of meat for yeast adulterations. It is based on the fact that the 
filtrate* from the albumen, salted out with zinc sulphate, 'will remain perfectly 
clear with extract of meat, whereas if yeast is present it will be clouded. The 
te*St is carried out by treating 20 g of extract solution with 2 ccm dilute H2SO4 
and salting out with ZnS04 powder. After standing for 24 hours it is filtered, 
pouring the first drops back. A mixture of 20—30 % yeast extract in the 
extract of meat renders the fluid filtrate decidedly cloudy. 

Ylang-Ylang oil see “Orchid oil". 

Yohimbine. An alkaloid obtained from the bark of the African Yumbehoa 
(Johimbehe) tree. It is the methyl ester of yohimboic acid. 

It is taken internally with success for sexual impotence. 

Ytterbium. Yb. A. W. = 173. A metal of the rare earths possessing like 
its compounds no industrial importance. 

Yttrium. Y. A. W. = 88.9. A metal of the rare earths occurring as 
silicate in the mineral gadolinite. The oxide is easily separated from other 
oxides in consequence of its solubility in potassium bisulphate. As yttrium 
oxide Y2O3 emits an intense yellow light at comparatively low temperatures, 
yttrium compounds are frequently used in the manufacture of incandescent 
light mantles, e. g. yttrium chloride YCL, yttrium nitrate Y(N03)3, yttrium 
sulphate ^2(804)3 &c. Yttrium compounds are much used in the manufacture 
of Nernst lamps. 


z 

Zinc. Zn. A. W. = 65.41. Of the numerous zinc ores the following are 
especially important: calamine or zinc spar ZnC03, and zinc blende ZnS, 
also flinty calamine (flinty zinc ore) Zn2Si04 + HjO, and willemito Zn2Si04. 

The ores are first roasted, which in the case of calamine is very easy but 
with zinc blende is very difficult. The roasted ore, which consists principally 
of ZnO, is reduced by being heated with ground charcoal. The reduction is 
carried out at a temperature at which Zn volatilizes so that it distils off from 
the reduction vessels and can be collected in suitable receivers. The reduction 
and distillation take place either in tube-shaped retorts of fire clay which 
lie in the furnaces in several rows above each other (Belgian method), or m 
large muffles (Silesian method). The Zn collects in the iron receivers; it stul 
contains numerous impurities especially, Pb and Fe, and also Cd, As, Sb, 
Bi, Ag, and,jCu. If the Zn is obtained from blende it also contains S. 

Recently magnetic preparation has become more and more important for 
the zinc industry (see article “Preparation of orbs**). The original apparatus 
of Wetherill has been modified in various ways; this apparatus is used 
for the separation of zinc ores from iron ore. At any rate tne discovery of 
Wetherill viz. that of using very strong magnetic fields — has rendered the 
8?Sielting of slightly magnetic minerals possible. u i j 

Germ. Pat. 149161 treats a process for the separation of zinc blende 
and pyrites which depends on the comparatively greater readiness of 
oxidation of the pyrites compared with zinc blende. The iron is con- 
verted into ferrous sulphate by a kind of artificial weathering 
be removed by extraction. According to the Suppl. Germ. Pat. ^1770 the 
mealy powder formed by the decomposition of the pyrites can be separa- 
ted from the unaltered zinc blende simply by sieving. 

48 ^ 
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The crude zinc thus obtained can be refined by simply remelting it and 
allowing it to stand in the molten state for some time which allows part 
of the impurities to sink to the bottom while the other part rises to the Surface 
becomes oxidized, and can be drawn off with the ash. Recently the crude 
zinc (especially that obtained from blende) has been refined in the reverbei^- 
tory furnace. Especially pure zinc is obtained if a solution of basic zinc sul- 
phate is first made and then the metal electrolytically precipitated, remelted 
and sublimed in vacuo. 

Numerous inventors have for a number of years been experimenting with 
a view of directly extracting the zinc from the ores (after previous roasting) 
and then depositing it electrolytically. Until recently these efforts were 
without any practical result; this appears to be gradually altering even though 
the direct clectrolytical winning of zinc has not as yet become specially 
important. 

These experiments can be divided into several classes: 

In the first group of the processes, the roasted ores are lixiviated with 
NaOH; the resulting sodium zincate solution is then electrolyzed. 

In the second group zinc chloride solutions arc electrolyzed; to obtain the 
ZnCl2 the ores are either lixiviated with suitable chlorides (or with chlorine), 
or they are submitted to a chlorinating roasting and then lixiviated; the 
electrolysis can of course only be carried out after the solution has botui 
freed from impurities. — For processes of this kind Germ. Pat. 155065 may 
become of importance : it purposes to enrich dilute ZnClg solutions which arc 
unsuitable for direct electrolysis. The process is based on the fact that zinc 
sulphite, which is insoluble in HgO, is soluble in hot ZnClg solution, while 
lead .sulphite is insoluble even in concentrated ZnClg solutions. The PhCh 
which goes into solution converts all the zinc into ZnClg while the Pb itself 
is precipitated as lead sulphite, as expressed by the equation PbCl2 -j- ZnSO.^ 
PbSOa + ZnCl2. Here the lead as w^ell as the sulphurous acid are precipitated 
quantitatively by the addition of the theoretical amount of PbC^, so that a 
very pure soluti(m of zinc chloride is obtained. By repeated alternating or 
simultaneous additions of PbClg and ZnSO^ concentrated ZnCla solutions 
are obtained. The velocity of the reaction is increased by shaking or stirring 
the hot mixture. 

The third group of processes provides for the electrolysis of zinc sulphate 
solutions, that is, the ores are lixiviated with sulphates or H2SO4. In the 
newest processes ZnClg is obtained from the ores by means of electrolytically 
prepared chlorine, and the fused salt is then electrolyzed, when pure Zn 
separates at the cathode while free chlorine is regenerated at the anode. 

In the Ashcroft- Swinburne process the sulphide ores are converted by 
chlorine into ZnClg, the latter lixiviated, and the lye evaporated over a free 
fire ; the product tlius contains oxychloride. The decomposition of the rc.sidiie 
is brought about in iron cells lined with fire clay bricks ; the cathode is of fused 
zinc, the anode of carbon. The melting of the electrolyte is carried out like 
the decomposition by means of the current; a current of about 10 000 amp. 
and E. M. F. of 3000 — 4000 volt being employed. 

We cannot here enter into details of the extremely numerous patents for 
the clectrolytical winning of zinc ; it suffices to say that though here and there 
Zn is made electrolytically there are still many difficulties to be overconi^, 
above all with regard to the questions as to which materials are most suitable 
for cathodes and anodes, whether it is advantageous to use a diaphragm, 
of what the diaphragm should be made, and how it should be constructed, 
Only two patents of Siemens and Halske will here be mentioned. Germ. 
Pat. 151988 protects a process for the direct clectrolytical smelting of 
oxide ores without the employment of a diaphragm and using an insoluble 
anode and zinc sheets as cathode. Germ. Pat. 162785 prevents the formation 
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of spongy zinc and other draw backs in the electrolysis of zinc sulphate solutions, 
by having a much higher current at the anode than at the cathode. With this 
end in View either the cathode surface is made (jorrespondingly smaller or the 
anode is strengthened at different places with bands, ribs, wires, &c., so that 
tffese parts are better conductors and therefore receive more current. The 
process produces a smooth, solid crystalline zinc free from sponge. As the 
necessary anodes are very small platinum or platinum alloy can be used, 
which completely prevents any contamination of the electrolyte by the 
anode during electrolysis. 

For melting and distilling zinc the electric furnace has recently been largely 
employed. A process for the uninterrupted distillation of Zn direct from the 
ores in the electric radiating furnace — in which the non-volatile constituents 
arc reduced to ash — is protected by Germ. Pat. 148439, 157603 and 162535. 
Another process for obtaining Zn in the electric furnace is treated of in Germ. 
Pat. 158545. 

By the reduction and distillation of raw zinc the so-called zinc dust 
{PoussUre) (that is a mixture of finely divided zinc powder and ZnO) settles 
at the beginning of the distillation in the receivers which have not yet be- 
come warm. 

Zinc in the cast state has a S. G. 6.86, rolled 7.20; in the chemically pure 
state and cast S. G. = 6.91. It is a greyish white or bluish metal, at ordinary 
temperature hard, brittle and pulverisablo, at 100 — 150^^ it is ductile, mallcable 
and very dense, above 200® it is again brittle and piilverisable. M. F. 412® 
(according to latest investigations 417.6®), B. P. 950® (recently the B. P. of 
Zn has been found to bo 730®). It remains unaltered in dry air and in water 
free from air, but in damp air becomes coated with a thin film of basic carbonate 
which protects the metal from further action. It readily dissolves in dilute 
acids — especially when it is not quite pure; wdth dilute H2SO4 and dilute 
HCl it evolves hydrogen. 

It is used for casting objects of art, for the manufacture of v(^sscls w4iich 
are constantly in contact with water (baths, pipes, spouts, roofs) further, 
for printing plates, for zinc plating (galvanizing) of iron, for the electrode 
plates of galvanic batteries, &c. It is also used for the preparation of numerous 
alloys and compounds. Zinc dust is largely used in chemical industry as a 
reducing agent. 

Zinc alloys. These are given under the alloys of the other components. 
8eo articles on “Aluminiu.w alloys'’, “CoprER alloys”, “Nickel alloys , 
&c. as well as also “Bronzes” and “Bearing metals”. 

Zinc colours. x • 

1. Zinc ^hite (Permanent white; snow white; zinc oxide). ZiyJ. it is 
prepared by igniting Zn in the air, or directly from the ore by roasting. Also 
obtained as a secondary product in the formation of silver in Park s process 
(see “Silver”). According to Ellershausen and Western (Germ. Pat. 
151022) zinc white can be obtained directly from zinc blende by lixiviating 
with acid solutions of alkali-sulphates, and precipitating the Zn from the 
r«^ulting ZnS04 solutions by NH3. — According to the Oettli processs a 
warm Na2S04 solution can be electrolyzed between zinc electrodes, ZnfciU4 
goes into solution at the anode, while Zn(OH)2 is precipitated at the cathode 
oy the NaOH formed ; the hydroxide can bo filtered off and converted into 
the oxide by heating. This process is probably too expensive to allow ot 
its finding commercial application. 

Zinc white is a white paint of good body which has the advantage over 
white lead that it is not turned black by the action of H2S. 
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2. Lithopone (zincolith; Griffith's white). Mixture of ZnS withBaSO 
(and ZnO) which is obtained by precipitating zinc sulphate solutions with 
BaS solution. To prevent it from turning black afterwards it must be piocipit- 
ated in hot concentrated solutions and less than 1 % of freshly precipitated 
magnesium hydroxide and ordinary salt added to the precipitate! T?ie 
precipitate is then washed, dried, crushed, mixed with 3 % of sal ammoniac 
and heated. The heated mass is then broken up by being thrown while still 
hot into cold water, then dried again and ground. Lithopone is manufactured 
in largo quantities as a white paint. It is met with in commerce in varieties : 
yellow seal with 11—18 % ZnS, blue seal with 22—30 % ZnS, and green seal 
with 32—42 % ZnS. 

Engl. Pat. 1836, 1837, 3768 and 3769, 6521 (1903) treat of the preparation 
of colours which are practically nothing more than lithopone. 

3. Zinc-barium paints. Besides the real lithopones there are many similar 
paints the manufacture of which is protected by the Engl. Pat. 11112, 11113 
13812, 13813, and 17784 (1903). These paints are mixtures of zinc hydroxide 
and barium carbonate; they contain also barium sulphate. In the paints of 
the Engl. Pat. 11113 and 13813 the zinc is not present as the hydroxide but 
as the carbonate. 

4. Zinc grey. Finely ground zinc blende is brought as such into commerce, 
as is also a mixture of ZnO with finely divided charcoal which is obtained as a 
by-product in the manufacture of zinc white. 

Zinc gray finds employment as a silver gray oil paint of good body. 

5. Zinc yellow (zinc chromate; zinc chrome yellow). Obtained by 
precipitating solutions of zinc salts with alkali chromates; usually basic 
chromates. Very often it is prepared by boiling zinc white with sodium 
hydroxide and precipitating the resulting solution with K 2 C^^ 2 ^ 7 - 

On account of its absolute fastness to light it is much prized as a paint. 

6. Zinc green. A mixture of zinc yellow with Parisian blue (see “Iron 
colours”). 

Zinc compounds. 

1. Ammonium zinc chloride (soldering salt) see “Soldering”. 

2. Zinc acetate. Zn(C 2 H 302 ) 2 - It is obtained by dissolving zinc white 
(see “Zinc colours”) in dilute acetic acid, precipitating foreign metals by 
throwing in metallic zinc, filtering after standing for some days, and evaporat- 
ing to crystallization. It forms white greasy crystals with a lustre like inotlu r 
of pearl, efflorescing in the air and readily soluble in HgO, sparingly soluble 
in alcohol. If the salt be allowed to crystallize at the normal temperature 
it contains 3 mol. HgO, in the other hand when it crystallizes while hot it 
only contains 1 mol. HjO. 

3. Zinc borate. The basic salt, which of late years has been used for the 
preparation of zinc powder for wounds, has according to HoLrtiRMANN the 
formula Zn 3 (B 407 ) 2 ( 0 H) 2 . It can be obtained by adding a borax solution 
which has been treated with NaOH to a solution of zinc sulphate, in the pro- 
portions expressed by the following equation 

2 (Na 2 B 407 , 10 H 2 O) -f 2 NaOH + 3 (ZnS 04 , 7 HgO) 

= Zn3(B407)2(0H)2 -f 3 Na2S04 -f 41 HoO. • 

4. Zinc chloride. ZnCl 2 . Obtained by dissolving zinc scraps, zinc blende 
and ZnO (roasted zinc ores) in HCl. Zinc chloride solution, free from iron, 
can be obtained (commercially) according to Germ. Pat. 136521 by treating 
zinc compounds with ferrous chloride — air being at the same time passed 
through — the iron is said to be completely precipitated and the zinc to paf® 
into solution as almost pure ZnCl 2 . According to Germ. Pat. 168087 to obtain 
ZnCl 2 from waste or ores the latter are heated not quite to the temperature 
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of sublimation of ZnClg (650®) and HCl gas passed in either alone or mixed 
with air; the ZnOg is then extracted, by systematic lixiviation, from the waste 
and ords thus treated. For the process of K. J. Bayer for simultaneous 
production of alkali chlorate and ZnCL, see “Potassium chlorate'" (No. 6 
in*the article “Potassium compounds"’). 

Anhydrous ZnClg is obtained by heating ZnS04 with NaCl when ZnCIa 
sublimes. In the anhydrous state it forms a white, transparent, very hygro- 
scopic mass, extremely soluble in HgO. From the syrupy solution, colourless, 
deliquescent crystals with 1 mol. H2O can be obtained. It is poisonous, it 
carbonizes wood, oxidizes alcohol to ether, and acts generally on organic 
substances in a way similar to concentrated H2iS04. It is used for impregnating 
wood, for preserving animal stuffs, for the manufacture of parchment paper, 
of ether, and dyestuffs. It is employed in the refining of oil, as a disinfectant^ 
as a caustic, and in dyeing. 

Test. It is brought into commerce in the solid form and in solution. 
It is usually only tested for tlie presence of zinc oxychloride which can bo 
readily detected since the pure ZnClj gives a clear solution in water. The 
solution is then tested for free acids; if these are present ultramarine paper 
becomes decolourized. 

5. Zinc chromate, see Zinc yellow under “Zinc colours”. 

0. Zinc hydrosulphite. This preparation which is intended to find 
employment in vat dyeing, partly as such and partly with the substitution 
of Zn by another metal, is obtained in the form of a solid mass sparingly 
soluble in HgO (Germ. Pat, 130403 and 137497). Sulphites are treated with 
zinc dust in the presence of H2O and dilute acid at a moderate heat. 

7. Zinc carbonate. ZnCO^. It occurs in nature as zinc spar or calamine, 
and can be precipitated as a white salt from solutions of zinc salts by KHCO* 
or excess of COgi neutral alkali carbonates precipitate basic carbonates of 
varying composition. 

8. Zinc Oxalate. ZnC 204 . Obtained by precipitating solutions of zinc 
Balts with oxalic acid. 

9. Zinc oxides. 

a) Zinc oxide. ZnO. Preparation, see “Zinc white” and “Zinc colours’". 

b) Zinc hydroxide Zn{OH)2. Obtained in white amorphous flakes by 
precipitating solutions of zinc salts with alkalies. 

c) Zinc peroxide. Zn02. This compound has been prepared recently 
(according to Amer. Pat. 740832) by allowing BaOg suspended in HgO to act 
on the zinc salt of an acid which forms an insoluble Ba salt. According to 
Germ. Pat. 151129 it can be prepared electrolytically in a cell provided with a 
diaphragm. The anode chamber contains aqueous ZnClg solution, the cathode 
chamber a mixture of hydrogen peroxide and ZnClg solution. When the 
current passes (2.5 — 3 volt) zinc peroxide separates at the platinum cathode 
and readily ^alls off and into the electrolyte. It is then collected, washed, 
and dried at a moderate temperature. 

Under the name zinc perhydrol a white powder consisting of equal parts 
of ZnOg and ZnO is brought into commerce; it is recommended as a powder 
for dressing wounds. 

It is a white velvety powder ; the commercial article contains 50 — 60 % of 
p4re ZnOg. Amongst other things it is used in medicine as it has proved 
itself to be very beneficial in the treatment of wounds and perhaps is even 
destined to replace ZnO. 

10. Zinc smoke, see article on “Cadmium"". 

Jl- Zinc dust"", see article on “Zinc"*, 

12. Zinc perhydrol, see No. 9c) “Zinc peroxide'". 

. 13. Zing sulphate (white vitriol). ZnS04. It is prepared by dissolving 
zinc scraps in H2SO4, or by roasting zinc blende and then lixiviating with hob 
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dilute H2SO4. Cu is removed from the solution by introducing zinc, while 
the FeSO^ is removed by heating for a long time in the air; the lye is then 
filtered and evaporated to crystallization. The crystallized salt 
is melted, stirred until it is cold, and hammered into moulds resembling sui^ar 
loaves. It can be further purified by recrystallization. According to 
Pat. 135056 for the preparation of a ZnS04 solution from mixed sulphide 
ores, the latter are worked in the known way and converted into a sulphate 
mixture, and then roasted with Ca(OH)2 and NaNOg in a muffle furnace in 
order to drive off completely the impurities or to convert them into insoluble 
compounds ; after the roasting is finished the ZnS04 lixiviated out — which 
process is assisted by the Na2S04 derived from the NaNO^. Finally the newer 
processes (Germ. Pat. 120822 and 135182) may bo mentioned; these treat 
of the preparation of ZnS04 and arc described under copper sulphate in the 
article “Copper compounds”. 

Zinc vitriol forms colourless, superficially efflorescent crystals, wliich lose 
6 molecules of HoO at 100® and the seventh by gently heating. 100 parts HoO 
dissolve at 10®, 138 parts, at 20®, 161 parts, at 50®, 264 parts, at 100®, 654 parts 
crystallized zinc vitriol. It is used for preserving wood and hides, for the 
preparation of varnish, of oxygen, fuming H2SO4, for disinfecting, as a flarno 
proof agent, for the preparation of other zinc compounds, as a mordant in 
calico printing, and as a medicament. 

14. Zinc sulpiude. ZnS. Occurs in nature as zinc blende, and is also 
artificially obtained by precipitating solutions of zinc salts with alkali sulphides. 
According to Germ. Pat. 132916 zinc sulphide and ammonium cyanide can bo 
obtained simultaneously from zinc ores of little value by dissolving tlu^ ores 
in dilute NH^ and then allowing the gases from coke furnaces, impure gas 
(or other gases containing HgS and CN compounds) to act on this amnuunacal 
solution; the gases are passed in until the Zn(CN)2, which is at first formed 
together with ZnS, has also been converted into ZnS; all the CN is then prestmt 
as NH4CN. According to Germ. Pat. 137801 copper slags cbntaining Zn 
and Ba are finely ground and then treated with just enough HCl to bring the 
Ba, Ca, and Fc into solution as chlorides, while the ZnO is converted into 
insoluble ZnS. According to Germ. Pat. 140557 pure ZnS may bo obtnint'd 
by lixiviating the raw materials with a slightly acid solution of iron sulphate, 
and precipitating the resulting ZnS04 solution with HgS; the mother liquor 
can be used for lixiviating fresh amounts of raw material. 

A product is obtained according to Germ. Pat. 167172, Suppl. Pat. 167408, 
171872, 179022 by precipitating barium zincate with BaS in aqueous solution 
in presence of *11, or by heating alkali zincates with alkali sulphides, e. g. 
granulated Zn may be boiled with NaOH (iron filings being added to further 
the liberation of H) and then the solution precipitated with an alkali sulphide. 

ZnS is white, insoluble in water and acetic acid, readily soluble in dilute 
mineral acids (see Litiiopone under “Zinc colour”). 

Zinc dust see “Zinc”. 

Zinc pcrhydrol see Zinc peroxide in article on “Zinc compounds”. No. Oc. 

Zinc plating. Iron is practically the only metal which is zinc plated (g^b 
vanized) ; the object is to render it rust proof; see “Rust protectives . 

When iron sheets are to be zinc plated, they are carefully cleaned (m a 
mixture of diluted H2SO4 and HCl), then rinsed, dried, glazed, rolled 
again cleaned and finally rinsed. They are then treated with a solderin,, 
liquid consisting of 50 parts of water, 50 parts of hydrochloric acid, 3 parts 
chloride and 1.5 parts of ammonium chloride. When this liquid has dnea 
the sheets they are taken up with tongs and dipped for a few seconds m 
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molten zinc ; the zinc must be covered with sal ammoniac to prevent oxidation. 
On leaving the zinc bath, the plates may be thrown straight into cold water 
tliough this has the effect of making them hard and brittle ; it is better to let 
tliem cool gradually in hot water, or preferably in heated palm oil. 

When wire is to be zinc plated it is wound off one drum, passed through 
various vessels cleaning, rinsing, and zinc-vats, and on to a second drum. 

A new method of galvanizing iron has been invented by Cowpeu-coles ; 
the essential difference is that zinc is used in the solid form as zinc dust. 
Tlio article is cleaned as usual mechanically by sand blasts or by cauterizing 
and is then packed with the zinc dust in an iron cylinder. The cylinder is then 
heated for a few hours to 250— 300 ^ C and allowed to cool. The zinc layer is 
even and uniform, the thickness depending on the length of time it is heated. 
Nuts bolts, &c. with finished surfaces need not be freed from adhering oil; 
they can be galvanized without preparation, as oily matter appears to be 
favourable to the process. The cylinder is lined with graphite paint to prevent 
the Zn from depositing and it must be air-tight so that the Zn does not burn 
to oxide, which of course, would be detrimental to the process. Zinc dust is 
obtained in any quantity by distillation of the commercial ores. This new 
process seems to be simple in working, and as the requisite temperatures are 
low the mechanical properties of the articles remain praetically unaltered; 
the greatest advantage over the hot method is that the same surface to be 
covered requires less zinc as it is more uniformly distributed. See also Germ, 
Pat. 165977 and Suppl. Pat. 166071 and 168202 dealing with the addition of 
Al, Bi and Sn to the bath. 

Zinc plating by electricity has had to contend with many difficulties, all 
of which are apparently not yet overcome. Several establishments work as 
follows: The iron articles to be zinc plated are not cauterized, as in that case 
the Zn precipitated clectrolytically does not adhere well; instead they ^ivo 
cleaned by sand blasts. The zinc bath is a solution of 1 1 .3 kg crystallized zinc 
sulphate and* 1.5 kg ferrous sulphate in 45 kg H.>0. The process is said to 
result in a bright zinc covering which adheres very firmly. 

According to 0. Gabran’s investigations (Chcm.-Ztg. 1003, Kep. 3U8) 
the most suitable solution with which to zinc-plate iron, is 1200 g zinc sulphate 
and 60 g sulphuric acid of 24^ Be to 6 litres HgO; the current used m vats 
of larger dimensions was 6 amp. at 8 — 10 volts. 

French Pat. 328282 protects an apparatus for electrolytical zme plating ot 
iron sheets. Germ. Pat. 151336 adds pyridine to the electrolyte of hydrochloric 
acid and zinc chloride solution ; a very dense firm plating is said to be the result. 
- According to Germ. Pat. 154492 a dense and durable zinc ^dating on iron 
is obtained by adding gum Arabic to the bath. The bath itself, recommenne 
by this patent contains 5 kg of a 60 % ZnCU solution, treated with a 
of 1.5 kg NaoCOo in 10 litres H 2 O; besides this, a hot solution of 3 kg JN 
• in 20 litres HoO ‘with 6 kg gum Arabic is made. The two solutions arc stirred 
together, heated for a short time and then made up to 100 litres with II 2 U. 

Zincalium. An alloy of Al with small amounts Mg and Zn. S. G. 2.65 to 
2.75. Harder and cheaper than Al, easily workable, is however not so resis an 
towards chemical action, and is not such a good conductor of elcctrici y a 
tbift uAalloyed metal. 


Zinol = Aluminium-y9-naphtholdisulphonate zinc acetate. 

[CioHjOHlCOglaAla] + ZnlCjHaOJg- ^ a 

It is obtained by combining molecular quantities of alumnol (q. v.) an 

Odourless white pow^der, very soluble in HgO. It is used medicinally 
account of its astringent and disinfecting properties. 
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Zirconium and Zirconium compounds. 


Zirconium and Zirconium compounds. Zirconium Zr (A. W. = 90.6 ) 
is a rare metal of no industrial value. Its most important natural compound 
is zircon, ZrSiO^, which is used for the preparation of zirconium dioxfde^ZrO 
ZrSi04 is treated with H2SO4 and the zirconium hydroxide Zr(OH)4 separated 
with NHg. ZrOg is obtained as a hard, infusible white powder by heafing 
Zr(OH)4. In the oxy-hydrogen flame it emits a brilliant white light. It is 
used in the manufacture of incandescent light mantles. 

Zirconium lamps. Formerly a zirconium lamp was an arrangement in 
which a small rod of zirconium oxide was made white hot in an oxy-hydrogen 
flame. 

The name is now given to an electric lamp similar in principle to an osmium 
lamp (q. v.), the incandescent thread being of zirconium instead of osmium. 
According to Wedding, zirconium oxide and magnesia are subjected to the 
action of hydrogen at a high temperature. The hydrogen combines with the 
zirconium to form zirconium hydride, which is made into a plastic substance 
with cellulose and drawn into threads. 100 000 threads can be made from 1 kg 
zircon, and the price of each lamp is said to bel/6d. 2 watts per candle power 
are required ana the voltage must not exceed 37. Its life is 700 to 1000 hours 
without any deposit forming on the inside of the glass. 

Zirconium lamps have not yet passed out of the experimental stage, and it 
remains to be seen whether it is a reliable source of light. One thing is certain, 
the light emitted is very intense and pure white. 

Ziskon see “Aluminium alloys”. 
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Ice. S. G. of pure ice at 0® = 0.9167. Latent-heat of fusion 80.025 calories. 

Ice is prepared artificially either by means of ice machies or by the use 
of frei^zing mixtures. 

Freezing mixtures are salts or mixtures of salts which cause a lowering 
of temperature when dissolved. The lowering of temperature increases with 
the heat of solution, solubility and concentration of the solution, and is 
greater the lower the freezing point of the solution, since the freezing point 
marks the limit of cooling. The mixtures, in order to give satisfactory 
results, must bo used in relatively large amounts, and be cooled as far as 
possible before use. The solids used should be finely powdered. 

A. Mixtures with water. 

Mixture Cooling 


6 parts 

ammonium chloride ) 

From 

To 

6 

,, 

potassium nitrate 

-f lO® 

— 17® 

16 


water I 



6 


ammonium chloride \ 



6 

,, 

potassium nitrate 1 

-P 10® 

— 20® 

8* 


sodium sulphate (cryst.) .... I 

16 


water ' 



1 


ammonium nitrate \ 

+ 10® 

—20® 

1 


water J 


1 


ammonium nitrate ] 



1 


sodium carbonate (cryst.) ... 

+ 10® 

— 25® 

1 

„ 

water J 



3 


poteissium sulphocyanidc . ... ] 

+ 10" 

—25® 

2 


water j 


5 


calcium chloride (cryst.) . . . . 1 

+ 10" 

— ^5® 

3 


water J 



B. Mixtures with, dilute acids. 


3 parts sodium sulphate (cryst.) . . . . 1 

+ 10® 

— 20® 


„ 

dil. nitric acid (2 acid, 1 water) . ] 

6 


sodium sulphate (cryst.) . ... \ 



4 

,, 

ammonium chloride 1 

+ 10® 

—25® 

2 

ff 

potassium nitrate I 

4 


dil. nitric acid > 



6 

99 

sodium sulphate (cryst.) .... 


—28® 

6 


ammonium nitrate j 

+ 10" 

6 


dil. nitric acid 



6 

„ 

sodium phosphate ......’ 

+ 10“ 

—20® 

4 

»» 

dil. nitric, acid ! 

- 


6 

»» 

sodium sulphate (cryst.) .... 

1 +10" 

— 18® 

4 

„ 

dil. sulphuric acid (1 acid, 1 water 


8 

9f 

sodium sulphate (cryst.) .... 

1 +10" 

—22® 

6 

9» 

cone, hydrochloric acid .... 
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C. Mixtures with snow or powdered ice 


Mixture 


1 part sodium chloride . . 

2 ,, snow 

1 ,, ammonium chloride 

2 ,, sodium chloride . . 

5 ,, snow 

1 ,, ammonium chloride 

2 ,, sodium chloride . 

1 ,, potassium nitrate . 

5 ,, snow 


5 

5 

12 

5 

4 


sodium chloride j 

ammonium nitrate 

snow ) 

calcitim chloride (cry&t.) . . . . | 

snow I 


3 ,, calcium chloride (cryst.) 

2 ,, snow 


5 ,, potassium hydroxide (cryst.) , . ) 
3 snow • . ) 


1 ,, sulphuric acid (diluted with ‘20®/o | 

of its weight of water) . . . J 

3 ,, snow i 

1 ,, cone, hydrochloric acid S. G. 1.18 ] 

1 ,, snow j 

1 ,, nitric acid ) 

2 ,, snow I 


Cooling 


0° 

— 20® 


- 30® 

0" 

— 35® 

0” 

— 40® 

0" 

— 50" 

0“ 

— 35® 

0° 

— 35® 

— 7° 

-50o 


— 37.5 

0° 

— 56® 


Lighting. The relative costs of different kinds of lighting arc given m 
the following tables taken from the Journ. f. Gasbeleuelit. U104, 141. 


Kind of Light 

Light in 

C. i>.‘) 

Hourly 

con- 

sumption 

litres 

Con- 
sumption 
per C. P. 

litre.s 

Cost 

per unit in 
phillings 

Cost 

per liour in 
shillings 

Cost 

proflin’i 

per C. 
in shill 

Coal gas: — 






0 01 

Fish-tail burner . . 

16 

160 

10.00 

0.16 

0.025G 

Argand burnj’r . 

32 

250 

7.80 

0.16 

0.04 

0.011 

Incandescent burner 

72 

120 

1.70 

0.16 

0.0192 

0.001 

Millenium light . 

1400 

1200 

0.85 

0.16 

0.227 

0.00 

Acetylene: — 






0,00 

Fish-tail burner . . 

50 

30 

0.60 

1.25 

0.0375 

Incandescent light . 

60 

15 

0.25 

1.25 

0.^188 

0.00 

Petroleum : — 

Circular burner . 

30 

kg 

0.08 

8 

2.70 

0.25 

0.02 

0,001 

Kitson light . . . 

900 

0.33 

0.37 

0.25 

0.0825 

0,00! 

Alcohol incandescent 






,0.00i 

light 

60 

0.10 

2.00 

0.40 

0.04 

Electric light: — 

Arc light .... 

600 

watt-hours 

375 

watts 

0.76 

0.0 

0.225 

0.00 

o.oo: 

0.00’ 

Bremer light . . . 

1000 

600 

0.60 

0.6 

0.300 

Liliput arc light 

130 

160 

1.23 

0.0 

0.096 

Nernst lamp , . 

180 

218 

1.21 

0.6 

0.1308 

0.00’ 

0.02( 

Glow lamp . . . 

16 

55 

3.44 

0.6 

0.0330 


^) C. P. = Candle Power. 
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It should be noted that the cost of acetylene as given in the above table 
is unusually low (1.25 shillings), as the consumer generally pays 1.9 shillings 
per cubicT metre. 

The heat evolved in the different systems of lighting is given in the 
{olloVing table compiled by Prof. W. Wedding. 


Kind of Light 

Light iti 
C.P. 

Hourly 

con- 
sumption 
in litres 

Heat evolv 

in heal 

Total 

ed per hour 
b units 

Per C. P. 

Gas lighting: — 

Bray burner 

30 

400 

2000 

60.7 

Argand burner 

‘20 

200 

1000 

50 

Regenerative burner 

111 

408 

2042 

18.4 

Incandescent light 

50 

100 

500 

10 

Lucas light . 

500 

500- 000 

2500 3000 

5—6 

Alcohol incandescent light 

30 

0.057 

330 

11.2 

Petroleum light ........ 

30 

0.108 

802 

28.7 

Acetylene light 

60 

30 

328 

5.5 

Electric lighting: — 

Carbon filament light 

10 

Watts 

48 

41.5 

2.59 

Nernst light 

25 

38 

.32.8 

1.3 

Arc light 

600 

258 

222 

0.37 


The following more recently compiled table by Prof. W. Wej)DING ls 
taken from the Journ. f. Gasbeleuchtung 1905. 


Kind of Light 


i\itroleuni light . . 

Alcohol incandescent 

^ light 

Upright incandescent 

^ light 

Compressed gas . 
Lucas light . . . 

Millenium light . 

Carbon filament lamp 

Osmium light . . 

Nernst light . . . 

Arc light . . . . 


Ui 

Hori- 

zontal 

C.P. 

jht 

Spheri- 

cal 

C. P. 

Hourly 

con- 

sumption 

Heat 

evolved 

per 

hour 

in 

calories 

Calorics 

per 

1 C.P. 

Cost of 1 
for one 
in ahil 

Total 

binning 

1 hour 
lings 

Per C. P. 

CO, 

evolved 

per 

hour 

in 

litres'' 

14.8 

13.2 

43.0 g 

480 

36.4 

0.0109 

0.00083 

70.1 

65.3 

42.9 

129 g 

698 

10.3 

0.0378 

0.00088 

119 

73.8' 

52.3 

112.3 1 

573 

11.0 

0.0139 

0.00027 

59.1 

303 

214 

‘272 1 

1387 

0.48 

0.0380 

0.00018 

143 

581 

411 

030 1 

3210 

7.82 

0.0778 

0.00019 

332 

1600 

1060 

1‘200 1 

6120 

6.77 

0.1480 

0.00014 

631 

( 43.8 

34.0 

104 Walts 

89.8 

2.0 

0.0416 

0.00120 

— 

1 18.3 

12.8 

59.1 „ 

61.0 

3.99 

0.0236 

0.00184 

— 

42.3 

31.4 

48.7 „ 

42.1 

1.34 

0.0195 

0.00002 

— 

184.6 

113 

213 „ 

184 

1.63 

0.0852 

0.00076 

— 

— - 

400 

440 

380 

0.95 

0.1760 

0.00044 

10.7 


The following table compiled from the researches of H. Lux show: — 
^ fh^ consumption per hour, b the light energy in percentages of the total 
energy consumed, c the horizontal and d the .spherical illumination. 
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a 

b 

V. 

c 

c.p. * 

Hefner lamp 

9.25 g 

0.103 

1.0 

Petroleum lamp, 14'' 

39.73 g 

0.25 

14.2 

Acetylene flame 

7.2 1 

0.66 

7.7 

Incandescent gas, vertical 

121.5 1 

0.46 

107.0 

,, ,, inverted 

96.8 1 

0.61 

107.0 

Lucas light 

630.0 1 

0.5(approx.) 

681,0 

Millenium light 

1200.0 1 

0.6 „ 

1600.0 

Electric carbon filament lamp 

98.23Watt8 

2.07 

31.5 

Nernst lamp 

181.4 „ 

4.21 

120.1 

Tantalum lamp 

44.0 „ 

4.87 

! 34.6 

Osram lamp 

38.3 „ 

6.36 

36.3 

Direct current arc lamp 

436.0 „ 

6.60 

190.0 

Arc lamp for yellow light 

360.0 „ 

13.20 

907.0 

,, ,, ,, white „ 

348.0 „ 

6.66 

602.0 

Alternating current arc lamp 

181.0 „ 

1.90 

109,0 

Uviol-Mercury lamp 

198.6 „ 

2.24 

437.0 

Quartz lamp 

691.0 „ 

6.00 

3400.0 


The following table dealing with the cost of different kinds of lighting 
was compiled by H. Dorr and is valuable on account of its completonoss 
The figures are however, not valid for all districts. The costs of fuel or 
electrical energy have been taken from average values. 

It should be observed that certain forms of lighting (e. g. Washington 
light, Flame arc lamp &c.) are only suitable for large installations. 


kind of light 


CJoRt of material or energy 
in shillings • 


Cost 

per normal 
Candle-power- 
hour 

in shillings 


Washington light (Petroleum incandescent 

under pressure) 

Flame €irc leunp 

Mercury vapour lamp 

Incandescent gas 

Petroleum (incandescent) light 

Arc light (direct) 

Metallic filament lamps (osram, zirconium, 

tungsten, &c.) 

Petroleum 

Osmium lamp 

Tantalum lamp 

Alcohol incandescent 

Arc lamp (alternating) 

Nemst lamp 

Small arc lamp 

Acetylene light 

Carbon filament lamp 

Gas (circular burner) 

Gas (Fish-tail burner) ' 

Stearin candle 


1000 

g 


0.22 

0.00010 

1000 

Watt -hours 

= 

0.60 

0.000 16 

1000 


= 

0.60 

0.00025 

1000 

1 

= 

0.16 

0.00025 

1000 

g 

= 

0.22 

0.00030 

1000 

Watt -hours 

= 

0.60 

0.00040 

1000 



0.60 

0.00050 

1000 

g 

= 

0.22 

0.00070 

1000 

Watt-hours 

= 

0.60 

0.00075 

1000 

9f 

= 

0.60 

0.00080 

1000 

g 

= 

0.40 

0.00080 

1000 

Watt -hours 


0.60 

0.00080 

1000 


= 

0.60 

0.00085 

1000 

„ 

= 

0.60 

0.00090 

1000 

1 

= 

1.20 

0.00120 

1000 

Watt -hours 

=: 

0.60 

0,00160 

1000 

1 

== 

0.16 

(?.00tf0 

1000 

I 

z=: 

0.16 

0.00260 

1000 

g 

= 

1.60 

0.01 100 


See also articles Molybdenum lamps, Nernst lamps, Osmium lamt^ 
Mercury vapour lamps, Tantalum lamps, Tungsten lamps ana 
Zirconium lamps. 
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1. Conversion of litres into English Gallons. 



100 = 22.0 500 = 110.0 900 = 198.0 1300 = 280.0 1700 = 374.0 3000 = 060.0 

200 = 44.0 600 = 132.0 1000 = 220.0 1400 = 308.0 1800 = 396.0 4000 = 880.0 

300 = 66.0 700 = 154.0 1100 = 242.0 1500 = 330.0 1000 = 418.0 5000 = 110.0 

400 = 88.0 800 = 176.0 1200 = 264.0 1600 = 352.0 2000 = 440.0 6000 = 132.0 


ll. Conversion of English Gallons into litres. 



100 464.4 .300 = 1363.2 500 = 2272.0 700 = 3180.8 900 = 4089.6 1500 = 6816.0 
200 .= 908.8 400 = 1817.6 600 = 2726.4 800 = 3635.2 1000 = 4544.0 2000 = 9088.0 


Bluoher. 


49 
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Litres and American Gallons. 


III. Conversion of litres into American Gallons. 












p - — 


Litres 

0 

1 

2 

3 

4 

5 

6 

7 

1 8 

9 


0 

0.00 

0.26 

0.63 

0.79 

1.06 

1.32 i 

1.68 

1.86 

2.11 

2.38 


10 

2.64 

2.90 

3.17 

3.43 

3.70 

3.96 

4.22 

4.49 

4.76 

! 5.02 


20 

5.28 

5.54 

6.81 

6.07 

6.34 

6.60 

6.86 

7.13 

7.39 

1 7.66 


30 

7.92 

8.18 

8.46 

8.71 

8.97 

9.24 

9.50 

9.77 

10.03 

10.30 


40 

10.56 

10.82 

11.09 

11.36 

11.62 

11.88 

12.14 

12.41 

12.67 

12.94 


50 

13.20 

13.46 

13.73 

13.99 

14.26 

14.62 

14.78 

16.05 

15.31 

16.68 


60 

15.84 

16.10 

16.37 

16.63 

16.90 

17.16 

17.42 

17.69 

17.95 

18.22 


70 

18.48 

18.74 

19.01 

19.27 

19.64 

19.80 

20.06 

20.32 

20.69 

20.86 


80 

21.12 

21.38 

21.65 

21.91 

22.18 

22.44 

22.70 

22.97 

23.23 

23.60 


00 

23.76 

24.02 

24.29 

24.66 

24.82 

26.08 

26.34 

25.61 

26.87 

26.14 


100 = 

26.4 

500 = 

132.0 

900 = 

= 337.6 

1300 = 

= 443.2 

1700 = 

= 448.8 

3000 = 

792.0 

200 == 

52.8 

600 = 

158.4 

1000 = 

:: 264.0 

1400 = 

= 369.6 

1800 = 

= 475.2 

4000 = 

106 ( 1.0 

300 = 

79.2 

700 = 

184.8 

1100 = 

= 290.4 

1600 = 

= 396.0 

1900 = 

= 601.6 

6000 = 

1320.0 

400 = 

105.6 

800 = 

211.2 

1200 = 

= 316.8 

1600 = 

= 422.4 

2000 = 

= 628.0 

6000 = 

■ 1584.0 


IV. Conversion of American Gallons into litres. 


Oalls . 

0 1 

n 

2 

3 

n 

5 

6 

7 

8 

9 


0 

0.0 

3.8 

7.0 

11.4 

15.2 

18.9 

22.8 

26.5 

30.2 

34.1 


10 

38.0 

41.6 

45.5 

49.3 

; 63.0 

66.9 

60.6 

64.5 

68.2 

72.0 


20 

75.8 

79.5 

83.4 

87.2 

91.0 

94.7 

98.5 

102.2 

106.1 

j 110.0 


30 

113.8 

C 17.5 

121.2 

126 

129 

133 

136 

140 

144 

> 148 


40 

152 

155 

159 

163 

167 

171 

174 

178 

182 

186 


50 

190 

193 

197 

201 

205 

209 

213 

217 

220 

224 


60 

228 

231 

235 

239 

242 

246 

260 

254 

258 

262 


70 

266 

269 

273 

277 

280 

284 

288 

292 

296 

300 


80 

303 

307 

311 

316 

319 

322 

226 

330 

334 ^ 

337 


90 

341 

346 

349 

353 

367 

360 

364 

368 

372 

375 


100 = 

= 378 

300 = 

1138 

600 = 

= 1900 

700 = 

= 2660 

900 = 

= 3410 

1600 = 

= 6690 

200 = 

= 768 j 

400 = 

= 1620 

600 = .2280 

800 = 3030 

1000 = 

= 3780 

2000 ^= 

= 7680 
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Calculation of Analyses. 


Table for the calculation of analyses. 


»• 


Weighed as 

Required 

Factor 

Weighed as 

Required 

Factor • 







Aluminium 



Arsenic 



AlaO, 

All 

0.53033 


AsaO, 

0.80439 


A 1 ., 0 , 

0.41850 


2 AsO, 

0.99920 

Ammonium 




AsjO 5 

0.93429 

NH4CI 

NH, 

0.31891 


AsjS, 

1.26040 


NH 4 

0.33775 

2 (MgNH 4 A 8 




NH^.OH 

0.05551 

OJ.HaO 

As, 

0.39380 

2 NH 4 CI 

(NHJ ,.0 

0.48720 


AsjO, 

0.51983 

NHJ,PtCl« 

2NH, 

0.07695 


2 AsO, 

0.64585 


2NH4 

0.081504 


AsjO 5 

0.60384 


2NH4.OH 

0.15818 


AsjS, 

0.64631 



0.11757 


As,S, 

0.81405 


Na 

0.003292 

Mg., AsO, 

As, 

0.48275 


2NH4.CI 

0.24131 


AsjO, 

0.63724 

Pt 

2 NH, 

0.17625 


2 AsO, 

, 0.79172 


1 2 NH* 

0.18503 


AsjOj 

0.74022 


! 2NH*,OH 

0.30026 


A- 8 ,S, 

0.79228 


(NH,),.0 

0.20776 


AsjS, 

0.99804 


N, 

0.14415 

3 BaSO* 

Asq 

0.21417 


2NH^.C1 

0.54959 



0.28271 

(NH*),S 04 

2NH, 

0.25820 


2 AsO, 

0.35124 


2 Nil* 

0.27348 


A 8 ,S, 

0.35150 


2 NH 4 .OH 

0.63077 


Asjfe, 

0.44305 


2 NH 4 .CI 

0.39449 


2 AsS* 

0.58038 



0.80971 

Bariimi I 



Antimony 



BaSO* 

Ba 

• 0.58853 

Sb^o, 1 

Sb, 

0.83334 

1 

BaO 

0.65705 

i 

SbaOfi 

1.11112 

BaCO, 

Ba 

0.69605 


2 SbO, 

1.10608 


BaO 

0.77709 


Sb^Ss 

1.38993 

BaCr 04 

Ba 

0.54201 

Sb.,05 

Sbj 

0.75000 


BaO 

0.00512 


Sb,S, 

1.05055 

BaSiF, 

Ba 

0.49107 


2 SbO, 

1.05000 


BaO 

0.54824 


Sb,0, 

0.90000 


BaF, 

0.62687 


Sb 2 S 6 

1.25093 

BaCla 

Ba 

0.65963 

SbaS, 


0.71390 


BaO 

0.73643 


SbjO, 

0.85668 

Ba(NO,), 

Ba 

0.52547 


SKO, 

0.95188 


BaO 

0.58005 

Sb.Sj 

Sba 

0.59950 

BaO 

Ba 

0.89772 


Sb.O, 

0.71947 

Hismuth 




2 sIdOj 

0.83938 

BijO, 

2 Bi 

, 0.89079 


SbaO, 

0.79941 

Bi,S, 

2 Bi 

0.81259 


SbjS, 

0.83983 


Bi,0, 

0.9001 1 

Arsenic 



BiOCl 

Bi 

0.80208 

AsjOj 

AS 2 

0.76757 

2 BiOCl 

Bi,0, 

0.89440 


2 AsO, 

1.24242 


Bi,S, 

0.98707 


ASjjO, 

1.16161 

Bromine 




AsjSji 

1.24331 

AgBr 

Br 

0.42557 ' 


AsjSg 

1.50715 


HBr 

0.43005 

AsjO j 

As, 

0.66217 


BrO, 

0.68104 


ASjO, 

0.86087 

2 AgBr 

Br,0, 

0.63848 


2 AsO, 

1.06957 

Cadmium 




AsjS, 

1.07034 

CdO 

Cd 

0.87500 


AsjS, 

1.34912 

CdS 

Cd 

0.77746 

As|S, 

As, 

0.60931 


CdO 

0.88853 
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Weighed as 

Required 

Factor 

Weighed as 

Required 

Factor 

Calcium 



Fluorine 



CaO 

Ca 

0.71428 


6 HF 

0.42909 


CaCI, 

1.98034 


HaSiF, 1 

0.51614 

CaSO< 

Ca 

0.29399 


SiF, 

0.50893 


CaO 

0.41159 


SiF, 

0.37312 


CaCl, 

0.81508 


3KF 

0.62687 

CaCO, 

Ca 

0.40000 

K^SiF, 

OF 

0.51654 


CaO 

0.5G000 


6 HF 

0.54400 


CaCl. 

1.10900 


HjSiF, 

0.65436 

COa 

CaCO, 

2.27274 


SiF, 

0.64522 

('uiboii 




SiF, 

0.47304 

CO. 

C 

0.27273 


2 KF 

0.52696 

CaCOa 

CO2 

0.44000 

Hydrogen 



HaCO, 

CO. 

0.22289 

HjjO 

H, 

0.11210 

Chlorine 



Iodine 



AgCl 

Cl 

0.24725 

1 ^ 0 , 

I. 

0.70026 


HCi 

0.25428 


2 H r 

0.7663 


CIO, 

0.58202 


2 lOj 

0.04795 


CIO, 

0.69300 

Agl 

I 

0.54029 


NaCl 

0.40801 


HI 

0,54459 


KCl 

0.52029 


10 , 

0.7449 


NaClO, 

0.74278 


10 , 

0.81289 


KCIO 3 

0.85507 

2 Agl 

I2O5 

0.71067 

2 AgCl 

CI 3 O 5 

0.52622 


I 2 O 7 

0.77883 

(hronilum 



IMT., 

h 

0.70531 

Cr.O, 

Cr. 

0.68464 


2 HI 

0.71092 


2 CrO, 

1.31538 


210 , 

0.97221 

C • 

2 CrO, 

1.52563 


I2O,, 

0.92773 


Cr.O, 

1.42053 


2 10 , 

1.06116 

l^aCrO* 

Cr 

0.20552 


I 2 O 7 

1.01669 


CrO, 

0.39487 

Iron 




CrO, 

0.45798 

Fe.,0, 

Feo 

0.70000 

2 BaCrO. 

Cr.O, 

0.30019 


2 FeO 

0.89999 


01*207 

0.42643 


2FoS 

1.10075 

rbCrO* 

Cr 

0.16130 


2 FeSj 

1.50152 


CrO, 

0.30991 

FeS 

Fo 

0.63593 


CrO, 

0.35944 


FoO 

0.81762 

2 I'bCrO. 

(;r 20 , 

0.23560 

2 FoS 


0.90847 


01*207 

0.33468 

Fe.AFO,), 

Fo, 

0.37086 

K.Cr.O^ 

Crj 

0.35382 


2 FoO 

0.47682 


Cr.O, 

0.51680 


Fe-.O, 

0.52980 


2 CrO, 

0.67978 

Lead 




2 CrO, 

0.78844 

FbO 

Pb 

0.92822 


Cr.O 7 

0.73412 


PbS 

1.07206 

Cobalt 




PbSO, 

1.35916 

Co 

CoO 

1.27119 

rbs 

Pb 

0.86582 

CoO 

Co 

0.78667 


PbO 

0.93278 

KaColNOj), 

Co 

0.13033 


PbSO, 

1.26780 

v)topi)er 

CoO 

0.10568 

PbCl, 

Pb 

0.74478 




PbO 

0.80238 

CuO 

Cu 

0.79901 

Bbl, 

Pb 

0.44920 

Cu,S 

Cuj 

0.79869 


PbO 

0.48394 


2 CuO 

0.99961 

PbSO, 

Pb 

0.68294 


CujO 

0.89916 


PbO 

0.73575 

Fluorine 




PbS 

0.78877 

CaFj 

Fa 

0.48718 

PbCrO, 

Pb 

0.64056 


2HF 

0.51309 


PbO 

0.69010 

BaSiF.* 

6 F 

0.40743 


PbS 

0.73983 
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Calculation of Analyses. 


Weighed as Required Factor 


Lead 

Pb PbO 1.07733 

Manganese 

MnO Mn 0.77464 

MrijO^ 3 Mn 0.72061 

3 MnO 0.93012 

3 Mn04 1.65894 

MnS Mn 0.63174 

MnO 0.81663 

Mn04 1.36688 

MnSO* Mn 0.36409 

MnO 0.47001 

Magnesium 

MgO Mg 0.60357 

MgjPjO, 2 Mg 0.21875 


Weighed as Required gactor 


Phosphorus * 

P|0, 0.637;17 

P« 0 , 0.7812’, 

2PO, 0.70941 

Fe4(P04)a 2 P 0.20.530 

2 PO 4 0.62913 

P*Oj 0.47020 

^aP»Oii 2P 0.086471 

2 PO 4 0.26499 

PjOj 0.19805 

PjO, 0.24268 

24MoO,P205 Pj 0.017232 

PjOj 0.039467 

Ca,(P04),, 0.086159 

Platinum 
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VVeighei as 

• 

Required 

Factor 

Weighed as 

Required 

Factor 

• 

Sodium 



Thallium 




NajO 

0.15620 

TljPtCl, 

2T1 

0.50043 


2NaCl 

0.29242 


T1,0 

0.62004 

Na,CO, 

2Na 

0.43449 


2T1C1 

0.68736 

j 

Na,0 

0.58529 

Tin 



Strontium 



SnO, 

Sn 

0.78737 

Sr(NO,), 

Sr 

0.41383 

Titanium 




SrO 

0.48942 

TiO, 

Ti 

0.60061 

SrSO* 

Sr 

0.47697 


TiO, 

1.19975 


SrO 

0.56409 


TiO* 

1.39952 


SrCl, 

0.86302 

Tungsten 



SrCO, 

Sr 

0.69349 

WO, 

W 

0.79310 


SrO 

0.70189 

Uranium 




SrCl, 

1.07384 

U,o, 

3 U 

0.84879 

Sulphur 



U,P,U,, 

U, 

0.66807 

BaS 04 

S 

0.13732 


2UO, 

0.75732 


SO, 

0.27439 

K2U2O7 

u, 

0.71568 


so, 

0.34293 

Vanadium 




HjSO, 

0.42011 

V,0, 

2 V 

0.56141 


H,S 

0.14598 

Zinc 



AsjSj 

3 S 

0.39069 

ZnO 

Zn 

0.80345 


3H,S 

0.41531 


ZnS 

1.19732 

CdS 

s 

0.22255 

ZnS 

Zn 

0.67104 


H,S 

0.23657 


ZnO 

0.83520 

Thaliium 



Zirconium 



TU 

T1 

0.61671 

ZrO, 

Zr 

0.73899 

2 TU 

T1,0 

0.64088 
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TwADDELL and BEAUM^: DEGREES. 


Comparison of Twaddcll degrees with Baiime deg#*ces. 

• « 


Tw 

B6 

S. G. 

Tw 

B6 

m 

Tw 

Bo 

^ 1 

P 1 

Tw 

Be 

• 

8. c;. 

0 

0 

1.000 

44 

26.0 

1.220 

88 

44.1 

1.440 

132 

57.4 

l.(5t;() 

1 

0.7 

1.005 

45 

26.4 

1.225 

80 

44.4 

1.445 

133 

57.7 

1.(565 

0 

1.4 

1.010 

46 

26.9 

1.230 

90 

44.8 

1.450 

134 

57.9 

l.(57(5 

3 

2.1 

1.016 

47 

27.4 

1.235 

91 

4.5.1 

1.455 

135 

58,2 

1.(575 

4 

2.7 

1.020 

48 

27.9 

1.240 

92 

45.4 

1.460 

136 

58.4 

i.c.so 

5 

3.4 

1.025 

49 

28.4 

1.245 

93 

45.8 

1.465 

137 

58.7 

i.c.xr. 

(> 

4.1 

1.030 

50 

28.8 

1.250 

94 

46.1 

1.470 

138 

.58.9 

1.(190 

7 

4.7 

1.035 

51 

29.3 

1.285 

95 

46.4 

1.475 

139 

59.2 

1.(195 

8 

5.4 

1.040 

52 

29.7 

1.260 

96 

46.8 

1.480 

140 

59.5 

1.700 

0 

6.0 

1.045 

53 

30.2 

1.265 

97 

47.1 

1.485 

111 

59.7 

1.705 

10 

6.7 

1.050 

54 

30.6 

1.270 

98 

47.4 

1.400 

142 

60.0 

1.710 

11 

7.4 

1.055 

55 

31.1 

1.275 

00 

47.8 

1.405 

143 

60.2 

1.7 15 

12 

8.0 

1.060 

56 

31.5 

1.280 

100 

48.1 

1.500 

144 

60.4 

1.7'JO 

13 

8.7 

1.065 

57 

32.0 

1.285 

101 

48.4 

1.505 

145 

60.6 

1.725 

14 

9.4 

1.070 

58 

32.4 

1.290 

102 

48.7 

1.510 

146 

60.9 

1 . 7:50 

15 

10.0 

1.075 

50 

32.8 

1.295 

103 

49.0 

1.515 

147 

61.1 

1 . 7:55 

K) 

10.6 

1.080 

60 

33.3 

1.300 

104 

40.4 

1.520 

148 

61.4 

1.710 

17 

11.2 

1.085 

61 

33.7 

1..305 

105 

40.7 

1.525 

149 

61.6 

1.745 

18 

ll.O 

1.000 

62 

34.2 

1.310 

106 

50.0 

1.530 

150 

6I.S 

1.750 

10 

12.4 

1.095 

03 

34.6 

1.315 

107 

50.3 

1.535 

151 

62.1 

1.755 

20 

13.0 

1.100 

64 

35.0 

1.320 

108 

50.6 

1.540 

162 

62.3 

1 1.7(10 

21 

13.6 

1.105 

65 

35.4 

1..325 

100 

50.0 

1.545 

153 

62.5 

1.7(15 

22 

14.2 

1.110 

66 

35.8 

1.330 

110 

51.2 

1.550 

154 

62.8 

1.770 

23 

14.0 

1.115 

67 

36.2 

1.335 

111 

51.5 

1.555 

155 

63.0 

1.775 

24 

15.4 

1.120 

68 

36.6 

1.340 

112 

51.8 

1.560 

>5() 

• 63.2 

1.7S0 

25 

16.0 

1.125 

60 

37.0 

1.345 

113 

52.1 

1.565 

157 

63.5 

1.',.S5 

20 

16.5 

1.130 

70 

37.4 

1.3.50 

114 

52.4 

1.570 

158 

63.7 

1.790 

27 

17.1 

1.135 

71 

37.8 

1.355 

115 

52.7 

1.575 

1 59 

64.0 

1.795 

28 

17.7 

1.140 

72 

38.2 

1.360 

I 16 

53.0 

1.580 

160 

64.2 

l..S(5l 

20 

18.3 

1.145 

73 

38.6 

1.365 

117 

53.3 

1.585 

161 

64.4 

1.S(I5 

30 

18.8 

1.150 

74 

30.0 

1.370 

118 

53.6 

1.500 

1 62 

64.(5 

l.SIO 

31 

10.3 

1.155 

75 

30.4 

1.375 

110 

53.0 

1.595 

163 

64.8 

1.815 

32 

19.8 

1.160 

76 

30.8 

1.380 

120 

54.1 

1.600 

164 

65.0 

1.820 

33 

20.3 

1.165 

77 

40. 1 

1.385 

121 

54.4 

1.605 

165 

65.2 

1.825 

34 

20.9 

1.170 

78 

40.5 

1.300 

122 

54.7 

1.610 

166 

65.5 

1.8:50 

35 

21.4 

1.175 

79 

40.8 

1.305 

123 

,55.0 

1.615 

167 

65.7 

1.8:55 

36 

22.0 

1.180 

80 

41.2 

1.400 

124 

55.2 

1.620 

168 

65.0 

1.8 iO 

37 

22.5 

1.185 

81 

41.6 

1.405 

125 

55.5 

1.625 

169 

60.1 

1.815 

38 

23.0 

1.190 

82 

42.0 

1.410 

126 

55.8 

1.630 

170 

6(5.3 

1.850 

39 

23.5 

1.195 

83 

42.3 

1.415 

127 

56.0 

1.635 

151 

6(5.5 

1.8.')e 

40 

24.0 

1.200 

84 

42.7 

1.420 

128 

56.3 

1.610 

172 

66.7 

1.8(10 

41 

24.5 

1.205 

85 

43.1 

1 .425 

120 

56.6 

1.645 

173 

67.0 

1.865 

42 

25.0 

1.210 

86 

43.4 

1 .430 

130 

56.0 

1.6,50 




43 

25.5 

1.215 

87 

43.8 

1.435 

131 

57.1 

1.655 



! 


If d bo the S.G. and n tho degree B^, d = ' 77 -,, — — “ 

“ 144.3 — n. 

If d be tljo S.G. and n the degree Twaddell, n = (d — 1) 200. 






Atomic Weights of the Elements. 


777 


Atomic Weiji^hts the Elements (1900). 


Name 

Atomic 

weight 

Sym- 

bol 

Name 

Atomic 

weight 

Svm 

bol 

Ahimiiiiuni 

27.1 

A1 

Noodymium 

144.3 

Nd 

Antimony 

120.2 

Sb 

Noon 

20.00 

No 


39.9 

A 


58.08 

Ni 

Ar^c'iiic 

75.0 

As 

Niobium 

93.5 

Nb 

IJarinm 

137.37 

Ba 

N itrogon 

14.01 

N 

iJaryllium 

9.1 

Bo 

Osmium 

190.9 

Os 

IJwmnth 

208.0 

Bi 

Oxygon 

16.00 

0 

J5oron 

11.0 

B 

Palladium 

106.7 

Pd 


79.92 

Br 


31.0 

P 

Ciidmiuin 

112.40 

Vd 

Platiimm 

195.0 

Pt 


132.81 



39. 1 

K 

Ciilciiim 

40.09 

Ca 

Pra.soodymium 

140.6 

Pr 

Carluni 

12.00 

C 


226.4 



140.25 



102.9 

Kh 

Cliloi’ino 

35.46 

a 

Rubidium 

85.45 

Kb 

Chrominm 

52. 1 

Cr 

Hulhenium 

101.7 

Ru 


58.97 



150.4 

Sa 



03.57 

Cu 

Scandium 

44.1 

Sc 



102.5 

— 

Sidonium 

79.2 

So 

J']rl)i\im ... 

107.4 

Kr 

Silicon 1 

28.3 

Si 

Kliiorino . ... 

19.0 

F 

Silver 1 

107.88 

Ag 

Uiillitiin . ... 0 ... f 

09.9 

(Ja 

Sodium ! 

23.00 

Na 

(i(Mmariiurn 

72.5 

r.o 

Strontium 

87.62 

Sr 

(xoM .... 

197.2 

All 

Sulphur 

32.07 

S 

Holiuin 

4.0 

Ho 

Tantalum 

181.0 

Ta 

Hydrogen 

1.008 

H 

Tellurium 

127.5 

To 

Indium 

114.8 

1 11 

'rerbium 

159.2 

Th 

iodine 

120.92 

1 

Thallium 

204.0 

Tl 

iridium 

193.1 

If 

'^rhorium 

232.42 

Th 

Hon . . . 

55.85 

Fe 

Tin 

119.0 

Sn 

Hrypton 

81.8 

Kr 

Titanium 

48.1 

Ti 

f-antluimim 

139.0 

La 

Tungsten 

RU.O 

W 

iaiad . . . 

207.10 

Fb 

Uranium 

238.5 

U 

i'itluiim 

7.00 

Li 

Vanadium 

51.2 

V 

Hutntium 

174.0 

Lu 

Xenon 

128.0 

Xo 

^i^RuoHium 

24.32 

Mg 

Ytterbium 

173.0 

Yb 

H^iiganoso ^ . . 

64.93 

Mn 

Yttrium 

89.0 

Y 

Horcurv . . 

200.0 

Hg 

Zinc 

65.37 

Zn 

.Molybdenum 

90.0 

Mo 

Zirconium 

90.6 

Zr 
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Multiples of Atomic Weights. 



Multiples of Atomic Weights, 
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